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“* Chemical science during the last quarter of a century has made 
such extended progress that our arts and manufactures assume 

"2 altogether a different aspect. Those chemical arts which formerly 
were rudely conducted by the system termed the ‘rule of thumb’ 
are now methodically organised and arranged in accord- 
ance with the unerring laws of chemistry .. . Hence, not 
only are more accurate and uniform results obtained, 
but success and economy take the place of failure 
and waste.” (Chemical News, 1859, 1, 1). 


Here, in the first number of ‘Chemical News’ 
published nearly a hundred years ago, the event- 
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ual development of scientific control of the 
methods and means of production is welcomed 
perhaps a little prematurely; but in thousands 
} of industrial laboratories to-day ‘the unerring 
ni laws of chemistry,’ and B.D.H. reagents, enable 
the conduct of the chemical arts to be successful 
and economical . . . and as civil as you please. 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 


cover a wide selection of specialised scientific apparatus. 


to Scientific Ends 
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MASS SPECTROMETER TYPE MS5 An instrument specially 
designed for the measurement of isotope ratios of inor- 
ganic solids by the surface ionisation technique. A 
resolving power of at least 300 can be obtained. 





ANALYSIS OF PLUTONIUM 
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ABUNDANCE | 27-20 | 23-10 | 49-60 | 0-072 








STANDARD 
DEVIATION | 0:25 | 0:30) — | 0-007 























Tabulated results and traces from sample of 
approximately 10—® grams of plutonium nitrate, 
using the triple filament technique and the mult- 
plier detector. The standard deviation quoted is 
taken on 10 measurements. 
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Let us look into your problem. Experts of 
our Advisory Service can almost certainly 
help you with problems of scientific invest- 
igation in any of the fields mentioned below. 
ELECTRON MICROSCOPY 
MASS SPECTROMETRY 
CRYSTALLOGRAPHY 
RADIOGRAPHY 
MICRO-ANALYSIS 
MATERIALS IRRADIATION 
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“* Chemical science during the last quarter of a century has made 
such extended progress that our arts and manufactures assume 
altogether a different aspect. Those chemical arts which formerly 
were rudely conducted by the system termed the ‘rule of taumb’ 
are now methodically organised and arranged in accord- 
ance with the unerring laws of chemistry .. . Hence, not 
only are more accurate and uniform results obtained, 
but success and economy take the place of failure 
and waste.” (Chemical News, 1859, 1, 1). 


Here, in the first number of ‘Chemical News’ 
published nearly a hundred years ago, the event- 
ual development of scientific control of the 
methods and means of production is welcomed 
perhaps a little prematurely; but in thousands 
of industrial laboratories to-day ‘the unerring 
laws of chemistry,’ and B.D.H. reagents, enable 
the conduct of the chemical arts to be successful 
and economical . . . and as civil as you please. 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 


cover a wide selection of specialised scientific apparatus. 
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Tabulated results and traces from sample of 
approximately 10-8 grams of plutonium nitrate, 
using the triple filament technique and the multi- 
plier detector. The standard deviation quoted is 
taken on 10 measurements. 





Let us look into your problem. Experts of 
our Advisory Service can almost certainly 
help you with problems of scientific invest- 
igation in any of the fields mentioned below. 
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Using a radio-isotope 

(contained in the axial tube) to 
radiograph the welded seams 

in a cylindrical pressure vessel. 
Ilford Industrial X-ray films, held 
in flexible cassettes, are attached 
to the outside of the cylinder. 
Reproduced by courtesy of 

G. A. Harvey & Co. (London) Ltd. 





Photography in the Nuclear Age 


More power for industry means increased prosperity for the nation. 

And so it is, as the programme for building nuclear generating stations goes 
ahead, that photography, with its partner, radiography, has a stake in 
Britain’s future. For here is a vast co-operative effort in which many of 
the problems of research, design and construction depend for a solution on 
photographic methods. 

Throughout the whole of this important field, Ilford sensitised materials 
render invaluable service which extends from helping to reveal the secrets of 
the atom to the vital task of testing the soundness of welded pressure vessels. 
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The two albino mice were cultured for 
two days as early embryos in a test 
tube, and have developed normally 
since birth. The brown mouse seen with 
them adopted and nursed them after 
they were born. (See p. 423.) 
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Facts in figures 


The fact might be the concentration of a chemical, 
the speed of an electric motor, the weight 

of your bacon, or simply the time of day. 

The figures—pounds, hours, revs, 

parts per million—can be displayed on a screen, 
punched on a card, printed on a strip of paper, 
or stored in a electronic memory. 

Whatever the fact, our data processing 
equipment will put it in figures, 

then display them, print them, store them... 
or do anything you like with them. 


{ The illustration shows an automatic typewriter which 
- tabulates the results of analyses with the Hilger 
Medium direct-reading spectrograph. The direct- 
reading head of the spectrograph can be seen on the 
left of the picture. 
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THE PROGRESS OF SCIENCE 


GENEVA—CREDO OF ATOMIC SCIENCE 


During its twenty years of existence the Palais des 
Nations at Geneva has been a quiet and efficient ivory 
tower of the International Civil Service. Built originally to 
act as a meeting place for politicians from all nations, it 
was destined, owing to World War II, never to fulfil this 
role. 

Now, for the Second United Nations International Con- 
ference on the Peaceful Uses of Atomic Energy, its main 
Assembly Hall, its endless corridors and its many offices 
are filled with scientists from all over the world. For the 
first time since the conference of 1955 the Palais des 
Nations has come to life. Instead of discussions about the 
politics of disarmament or possible sanctions against an 
aggressor, discussions about reactors, fast neutrons, fusion, 
isotopes, heavy water, health hazards, and the innumerable 
other topics fill the air. One might well see in this change 
an obvious sign that atomic science, as much as politics, is 
concerned with the future of mankind. 

In his presidential speech opening the conference, Prof. 
Francis Perrin endeavoured to explain this change. The 
overriding need for power in a technological age, and 
particularly a power unconnected with any accident of 
geography, has given both the advanced and the under- 
developed countries a focus for understanding, respect, and 
international collaboration. How very real this under- 
standing has become was shown even before the opening of 
the conference, when it was announced that all remaining 
secrecy concerning thermonuclear reactions would be aban- 
doned by American and British scientists. The Russians 
showed their fusion experiments for the first time to the 
Western World and have not hesitated to explain them 
fully. If the first conference in 1955 has gone down in 
history for removal of all secrecy from fission reactions, then 
the second has done the same for fusion. It was quite freely 
admitted that there had been no real reason for keeping 
fusion experiments secret, except perhaps for the sake of 
national prestige. 

Prof. Perrin was quite outspoken on how much he 
detested secrecy in scientific research and what he thought 
of the role of science: 


“Atomic energy is an exact symbol of the predomina- 
ting role of science in modern life. Other techniques 
which have come directly from scientific discoveries, such 
as electronics and its applications-—radio, television, 
automation—have undoubtedly more influence on the 
visible aspects of our life, both of work and of leisure. 
But atomic energy, more because of the fearsomely 
destructive weapons which it has made possible, than 
because of its peaceful uses, shows better to what extent 
science in a few decades has changed the conditions of 
man’s life. Some people, thinking of the frightful threat 
of atomic war and the possibility of collective suicide it 
conjures up, thinking also of the madness of man, to 
whom science has given such a power of destruction, 
have reached the stage of wishing to halt scientific 
advance and prohibit research, or at least to keep it 
under strict control. 1 shall not stop to discuss the mere 


possibility or the effectiveness of the measures that would 
have to be taken on a world-wide scale to prevent fresh 
discoveries, for example in biology—I shall merely say 
that it is useless to try to put Prometheus back into 
chains. We must admit, however, that in order to halt 
the onward march of science we would have to kill in 
man that desire to know and understand which is one of 
the noblest aspects of his nature. To halt science would 
be to give up seeking to shed light on what we must still 
call the mystery of life, to give up attempting the final 
conquest of disease, old age and death itself. No! we 
must have the courage, or the wisdom, to look the facts 
in the face; it is neither possible nor desirable to restore 
mankind to a youth which was laborious, troubled and 
lacking in pristine freshness. For better or worse, man 
has linked his destiny to that of science. It is up to us 
to do everything we can to avert the worst and to exalt 
the best: those glorious conquests of the spirit, the 
dignity of man facing his destiny, trying to understand 
and to master it.” 


Neither did he neglect to point to the difference between 
scientists—of whatever discipline—and non-scientists: 


“It is often said that science in itself is neither moral 
nor immoral, that good or evil can only appear in the 
uses to which it is put, and that scientists have no reason 
to differ morally from other men. All this is largely 
true. We must not, however, disregard the influence in 
character-formation of the practice of the disciplines of 
scientific research and of teaching the sciences, or even 
of a severe scientific upbringing. Science actually 
requires a perfect sincerity with oneself as well as with 
others, an objective pursuit of truth which goes beyond 
its own field and penetrates the nexus of relationships 
between men. It demands a discipline of thought and 
expression that rejects the empty emotional bombast 
which is so particularly apt to put peoples against each 
other.” 


Altogether it was a noble opening speech for a conference 
which had brought together 6000 scientists from at least 
67 countries. 


The Largest Scientific Conference. A total of about 2300 
scientific papers (making a stack 11 ft. high) were accepted 
by the organisers of the conference. Of these 1800 were 
tabled and 550 were read and discussed. A month before 
the beginning of the conference, it was announced that the 
proceedings, consisting of these 2300 papers, will be pub- 
lished in 34 volumes of 500 pages each. These figures alone 
give a small indication of the staggering volume of research 
now being done in the atomic sciences. But what about the 
future? The proceedings of the first International Con- 
ference at Geneva in 1955 produced a mere 15 volumes. A 
little extrapolation shows the shape of things to come if 
tri-annual conferences continue and the volume of research 
expands at the same linear rate: 60 volumes of proceedings 
will be needed in 1960, and 290 volumes in 1980, to report 
the progress of atomic science. But the output of scientific 
literature does not increase in a straight line; it grows 
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exponentially at an ever greater rate. In this context the 
worried reader might well look up the paper by D. J. Price 
(Discovery, 1956, vol. 17, No. 6, p. 240), discussing this 
exponential growth curve of science and basing its argu- 
ments on the rate of increase in scientific publications. We 
also refer the reader to our first editorial of this year 
(Discovery, 1958, vol. 19, No. I, p. 1), pleading for a 
strategy of science to regulate and channel this explosion in 
scientific activity. 

If the papers are broken down into subjects, taking an 
arbitrary sample of 288 papers or slightly over 10%, 
another interesting picture emerges. By far the greatest 
amount of literature is on Fission Reactor Technology, 
accounting for 23-1%; followed by Medicine and Biology, 
17%; then Basic Chemistry, 15:4%; Basic Physics, 12°8°%,; 
Thermonuclear Fusion, 8-0°%,; Geology and Raw Materials, 
7:3%; Theoretical Studies, 7-3%; Metallurgy, 56%; and 
finally industrial Uses of Nuclear Energy (other than the 
generation of electrical energy) with only 35%. It is 
pleasing to note that almost as much research work is 
carried out in the medical and biological sciences as in the 
construction of nuclear reactors and power stations. 

It is of course quite impossible here, or anywhere else, to 
review fully the individual contributions. The expert will 
read about his own field in the proceedings, and the general 
scientists must be content with an overall report which may 
perhaps stimulate him to look into the index of the final 
34 volumes. 

Fission Reactors and their Future. In line with the now 
advanced state of fission reactors in many parts of the 
world, much time was devoted to discussing their present 
efficiency and future development, scientific as well as 
economic. The separation of U-235 from U-238 by new 
types of gaseous diffusion methods was in the forefront 
and much interest was created by a German technique of 
separation using the principle of supersonic flow in a 
separation nozzle. Chemical processing of fuel elements 
(for example, the operation at the U.K. Windscale plant, 
and the processing of fuel elements after use in reactors in 


Russia) were the subjects of interesting papers. The French 
engineers described their work on this subject at Marcoule 
and the Americans released information on a new method 
for the reprocessing of fuel elements in which uranium was 
combined with stainless steel and with zirconium. Pyro- 
metallurgical separation, or the purification of atomic fuels 
in their molten state, now being developed in England and 
America, was of particular interest. 

The future of atomic fission reactors was the subject of a 
special session, in which speakers from Canada, Great 
Britain, U.S.A., U.S.S.R., India, and France aired their 
views. In Russia, for example, four large power stations 
are being built. Water will be used as the cooling medium 
instead of carbon dioxide, which is used currently in 
Britain. In addition, a large breeding reactor, similar in 
principle to Dounreay, was commissioned in Russia at the 
beginning of this year, and prototypes of small mobile 
reactors are to be built. The official American view was 
that during the course of the next four or five years atomic 
fission reactors would become an economic proposition in 
several areas of the United States where conventional 
hydrocarbon fuels cost more than usual. Dr Bhaba, the 
Chairman of the Atomic Energy Commission of India, out- 
lined the future of atomic energy in his own country, 
undoubtedly the most advanced of the underdeveloped 
ones. He said that the rate of economic and population 
growth in India was now so high that a total of 10 million 
kW. of atomic generating capacity was a minimum require- 
ment by 1986. The natural reserves of coal and oil in India 
could not be developed quickly enough to meet this press- 
ing need, and in addition sufficient transport facilities were 
lacking. Much research will be done in India on the use of 
thorium, which is locally available in sufficient quantities, 
as a fuel for atomic reactors. 

It was certainly an optimistic situation revealed by the 
various speakers; a visit to the commercial exhibition con- 
firmed this impression, where the reactors could all be seen, 
as models, drawings, or photographs, during the various 
stages of construction. 


Model of OGRA—The Russian Thermonuclear Machine. Shown for the first time to the Western World at the Geneva 
Conference, its principle is the injection of deuterium nuclei from the accelerator on the left into the 65 ft. long circular 
chamber, seen partially in section. At each end of the chamber a magnetic mirror reflects the particles, and during their 
(The photographs in Geneva were specially taken for Discovery by John Moyes) 


passage fusion is expected to occur. 















The Use of Isotopes. Isotopes, which at the First Inter- 
national Conference were still a relative novelty, have now 
come into extremely wide use for research purposes in most 
of the experimental and applied sciences. To mention only 
a few of the topics discussed, there was their use in the 
diagnosis and treatment of diseases, the improvement of 
plants for agriculture and for the speeding of industrial 
tasks. In medicine one might single out reports from seven- 
teen countries on the use of iodine-131 for the diagnosis 
and therapy of thyroid diseases. New work was reported 
on the use of the boron-neutron technique in localised 
control of carcinogenic brain tumours: this is based on 
the fact that when boron preparations are injected they tend 
to concentrate in tumour tissues and when these areas are 
then bombarded by neutrons from a reactor, the boron 
absorbs the neutrons and emits alpha radiation which 
is effective locally, destroying the tumour cells, without 
damage to the surrounding healthy tissues. 

More than 100 papers dealt with the use of isotopes in 
agriculture: as tracers in the study of fertiliser action, soil 
characteristics, and veterinary diseases; as a source of 
radiation for breeding disease-resistant crops; and for the 
preservation of food through bacteriocidal methods of 
sterilisation. A Russian paper, for example, described the 
treatment of silkworm cocoons by radiation. A unique 
example is the Japanese research on the use of isotopes to 
detect fingerprints which would not show up with conven- 
tional methods. 

Industrial Uses of Atomic Energy. Industrial applica- 
tions of isotopes are now so many, and so well known, that 
it would be invidious here to single out any particular 


Geneva Conference, where its existence was revealed for the jirs? time. 


one. Dr Teller’s novel proposal for the peaceful use of 
“unwanted” hydrogen bombs might well be mentioned. 
He proposed to explode them in underground caves, 
preferably several in succession, in order to convert water 
into steam which could be used to drive turbines and thus 
generate electricity. Perhaps more immediately practical 
is the use of atomic energy for ship propulsion where a 
number of countries are now carrying on design studies, 
if not actually constructing prototypes. Japan, France, and 
Britain are very actively concerned with these; in America 
and Russia such ships are actually on the slipway, or even 
launched. The N.S. Savannah is now in the shipyard, its 
keel having been laid on May 22, 1958; it is to be delivered 
in 1960. The Russian icebreaker, Lenin, is much further 
advanced, and now, after launching, in its final stages of 
fitting out; it will apparently be ready for the forthcoming 
winter season. The studies in Japan, still at an early stage, 
are concerned with a nuclear-powered submarine tanker, it 
was revealed at the conference. 

Atomic Structure. Much new information on the basic 
structure of matter was discussed at the conference, by 
scientists coming from such different countries as Ireland 
and India, Japan, Mexico, Hungary, and Israel. The 
research tools for this kind of work were the particle 
accelerators, like the Soviet Union’s proton-synchrotron at 
Dubna, the Bevatron at Berkeley, California, and the Cos- 
motron at Brookhaven, New York. New findings about the 
structure of the proton and neutron in the atomic nucleus, 
and about other particles like anti-nucleons, mesons, and 
hyperons were communicated. Work from Britain dealt 
with contributions to knowledge of elementary particles by 
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experiments with cosmic radiation. A subject that was of 
great interest presented by American physicists was parity 
conservation, in connexion with which the Nobel Prize was 
recently awarded. 

Fusion. Of all the conference subjects thermonuclear 
reactions aroused the greatest interest. This was to be 
expected, as up to the beginning of the Geneva meeting 
only a small amount of information had been released on 
the subject. The opening announcement, therefore, by 
British, Russian, and American heads of delegations that 
all secrecy on this subject would henceforth be discarded, 
set the stage for the most fruitful exchange of views and 
experience. This was particularly so, because the scientific 
exhibition, in the grounds of the Palais des Nations, showed 
the actual research equipment on which many of the 
experiments were being carried out. 

ZETA, the British thermonuclear device from Harwell, 
and MAGGIE, its smaller relation from Aldermaston, only 
a few months ago considered as leading, were seen in the 
light of the Geneva meeting as only two of the many 
possible precursors for achieving the final aim: a self- 
sustaining and power-producing fusion reactor. In fact the 
Geneva conference revealed that American research on 
fusion was being carried on at Princeton University with 
the STELLARATOR; at the University of California 
Radiation Laboratory with a pinch programme, a magnetic 
Mirror Machine, and the ASTRON; at the Oak Ridge 
National Laboratory with the DCX (Direct Current Experi- 
ment); and at the Los Alamos Laboratory with the PER- 
HAPSATRON, the COLUMBUS, the SCYLLA, and the 
IXION. The Russians revealed the fact that they had two 
major, and a number of minor, machines in existence and 
operating: ALPHA. a toroidal machine, similar to ZETA 
in size and performance; and OGRA, so far the biggest and 
apparently most successful of all fusion equipment in the 
world. The French released a photograph during the con- 
ference of a small toroidal machine used at Saclay, in 
appearance and principle similar again to ZETA. This 
multiplicity of thermonuclear apparatus can only be 
welcomed; the enormous difficulties yet to be solved are 
more likely to be overcome if the attack is on a broad 
front. 

The Theory of Fusion. What is the problem of achieving 
thermonuclear fusion? It is now well known that hydrogen, 
with atomic weight one, is the lightest element, and that it 
has two heavy isotopes: deuterium and tritium, with 
atomic weights of two and three respectively. When these 
isotopes are made to combine with each other, energy from 
thermonuclear fission is released. It is this energy which 
keeps our sun, and millions of other stars, at their 
immensely high temperatures. Here on earth it is hoped to 
make two deuterium nuclei (D-D reaction) or one deuterium 
nucleus and one tritium (D-T reaction) fuse together. The 
final products of these atomic reactions weigh less than 
the starting products, and the weight lost appears as thermo- 
nuclear energy: mass is converted into energy. 

This theory is known and easily stated. The first diffi- 
culty in getting two atomic nuclei to come together and 
fuse is the fact that each is surrounded by a positive 
electrostatic charge, which causes them to repel one another. 
Therefore, to overcome this first obstacle, the atomic nuclei 
must be given an extremely high velocity. In other words, 
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they must be at a high temperature. The most economical 
temperatures are about 200 million degrees for a D-D 
reaction, and about 40 million degrees for a D-T reaction, 
for it is under these conditions that enough energy is 
released to cover heat losses. At such high temperatures all 
elements are in a special kind of gaseous form, the so-called 
plasma, where they are decomposed into electrons and ions. 
Further, the gas must be contained at a sufficiently high 
density, and the elements must react in sufficient time, if 
sufficient power is to be generated. 

So far the only known possible container for a plasma of 
several million degrees’ temperature is a magnetic field, 
and again it must be very strong. For comparison, the 
earth’s magnetic field is one gauss, that used in many 
fusion experiments is 100,000 gauss. Further, for useful 
fusion to occur, the gases must be held in this state for at 
least one second. 

The Machines of Fusion. How have these most rigorous 
conditions of a confined hot plasma been achieved? Some 
machines start with a cold gas in a containing magnetic field 
and then heat the gas by electrical discharges as well as by 
magnetic squeezing. This is the principle of STEL- 
LARATOR in which external currents produce a twisted 
magnetic field in a closed endless tube of either the figure 
“8” or the “racetrack” shape. The plasma is initially 
heated by ohmic heating, and then brought to thermonuclear 
temperature by magnetic pumping. Reduction of plasma 
impurities is achieved by scraping a layer from the surface 
of the confined plasma. 

An alternative approach is to utilise an electric dis- 
charge to produce both heat and the confining magnetic 
field, the so-called pinch effect. This principle has been 
employed by ZETA, the Russian ALPHA, and the French 
machine. It is also being studied intensively at the Uni- 
versity of California Radiation Laboratory. Here magnetic 
compression of the plasma provides heating to thermo- 
nuclear temperature; a further development of the pinch 
effect is a machine in which the conversion of rotational 
energy into thermal energy is envisaged. 

Another method of reaching the conditions of atomic 
fusion is to start with individual ions which have been 
energised in an accelerating device and then trapped in a 
magnetic field rapidly raising the field strength. This has 
been done in a device consisting of two symmetrical mag- 
netic coils which produce a magnetic field stronger at the 
ends than at the centre. This machine has been called a 
Mirror Machine because some of the ionised particles are 
reflected when the plasma moves into a stronger magnetic 
field. The Russian OGRA machine is the biggest using 
this principle, but the Los Alamos Laboratory is now 
exploring two further developments of the Mirror Machine. 
In one of them a fast-rising axial magnetic field is used for 
containing and heating and in the other electric fields 
provide both heating and containment. 

In the DCX work at Oak Ridge, a modification of the 
mirror principle is used, involving a beam of high-energy 
particles (molecules of ionised deuterium) injected into a 
highly evacuated flask. Inside the flask there is a strong 
magnetic field to confine the particles. The main difference 
in this machine is that the initial energy is achieved, not as 
a random motion of particles, but as a uniform motion 
obtained by accelerating the particles in a beam. The beam 






















is then randomised when fired into a magnetic bottle pro- 
duced by two mirror coils. Normally, any particle injected 
into a magnetic bottle immediately comes out again. To 
prevent the particles escaping, the beam is made to pass 
through an electric arc inside the bottle. This splits them 
up, thus changing their orbits so that they remain trapped 
inside the bottle. 

Finally in SCYLLA a rapidly oscillating axial magnetic 
compression field is produced by a current passing through 
a special coil surrounding a container of deuterium gas at 
low pressure. During the first half-cycle the gas is heated 
by the coil and during the second half is compressed to still 
higher temperatures. 

Atomic Hardware. Two large exhibitions were mounted 
at the same time as the conference. Significantly, one was a 
purely commercial show, whereas the other was a presenta- 
tion of pure research organised by the Atomic Energy 
Authorities of the major countries. The commercial show 
was dominated by the English stands, where all the well- 
known commercial firms specialising in the construction 
of complete atomic power stations showed their wares. 
Models, drawings, parts, and raw materials were displayed, 
in fact just as during any other commercial trade show. 
Given a large enough cheque book, anyone could just walk 
in and order an atomic power station of standard design, or 
perhaps even have a special one designed. Atomic business 
has certainly come to stay, and as big business at that. 
Surrounding the major construction companies were the 
many firms dealing in accessories. Instrumentation had 
probably the major share, but there was nothing lacking, 
from electronic calculating machines, special new rare 
metals, power manipulators, lead bombs for the safe 
carriage of isotopes, to textbooks and scientific journals. In 
fact everything was there for sale, with the sole exception 
of the scientists to run the atomic power station, for the 
man with the large cheque. 

How different was the other exhibition, housed in a tem- 
porary structure in the grounds of the United Nations 
Palais. If the first exhibition gave an excellent survey of 
the present state of the art, then the second exhibition 
showed the shape of things to come. It was entirely devoted 
to atomic research, and it was perhaps the best display of 
its kind ever mounted, although it required expert know- 
ledge in the field of atomic physics to grasp all that was on 
show. Perhaps most remarkable of all was the fact that the 
mere showing of a complex piece of equipment did not 
interrupt the work it had been performing at the home 
laboratory. On the contrary, the research work begun in 
the laboratory was continued at the exhibition, and if the 
results should be of more than passing interest, they could 
be communicated to an international conference next door. 
Perhaps this alone epitomises the spirit and the speed of 
modern atomic science. 

Controlled thermonuclear reactions were the main 
interest of this pure science exhibition. The Russians 
showed undoubtedly the greatest variety in approach, and 
also the largest machine yet constructed for this work. 
Instead of employing a torus, as in the case of ZETA, they 
choose a T-shaped reaction chamber. Molecules of heavy 
hydrogen gas are injected along the single leg of the T, and 
free nuclei are thus obtained by collisions. These nuclei 
are then made to spread out lengthwise along the cross-leg 
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(Above) DCX, the Thermonuclear Machine of the Oak 

Ridge National Laboratory. The Horizontal electric 

spark into which deuterium nuclei are injected can be 

seen in the centre of the screen; DCX was first shown and 
made public at the Geneva Conference. 


(Below) Mobaltron Ill, an English Cobalt-60 Therapy 
Unit. Constructed by Nuclear Engineering Ltd, this unit 
was designed to hold up to 2000 curies of cobalt-60. It 
was first shown at the Commercial Exhibition at the 
Geneva Atomic Conference. 
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Research at the Geneva Exhibition. From left to right: 
Dr L. Kaplan, Mrs L. Rolih, and Dr K. Wilzbach, all 
from. the Chemistry Division of the Argonne National 
Laboratory, carry on with their research work during 
the Geneva Scientific Exhibition. They are shown here 
labelling organic chemical compounds, which in this case 
is adenine; it is being sealed off with tritium gas in a 
glass vessel. 
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of the T by means of powerful electro-magnets and this was 
said to facilitate their controlled movement. An indication 
of the size of their machine is the length of the T’s cross- 
legs, over 65 ft. 

The new American approach, also revealed for the first 
time here at the exhibition, was to use an electric spark 
to achieve the same end, namely the electrical break-up 
of charged molecules of heavy hydrogen gas, already 
accelerated to a high energy, to give free deuterium nuclei. 
As in the case of Russian work, and like ZETA, these 
free nuclei can then be made to circulate indefinitely around 
the walls of a tube, where on collision they will release 
energy by fusion. The difficult part is always to break up 
the molecules and secondly to make the resulting nuclei 
circulate without hitting the containing walls. During the 
conference itself, many theoretical papers were given in 
which these problems were discussed; so far, there is no 
clear indication yet which method will be the better to 
choose for the ultimate production of electrical energy and 
it seems quite likely that several systems will be used, side 
by side, in various research laboratories for a long time to 
come. After all, there are many different types of fission 
reactors operating and only the salesmen of atomic power 
stations are brave enough to assert that one type is better 
than the other. 

Are Conferences Really Efficient? But when all the 
achievements of the conference have been praised, it is 
necessary to look a little deeper and question the usefulness 
of a mass meeting of 6000 scientists. If and when Drs 
Brown, Dupont, Sherwood, and Alexandrov get together 
and discuss their own particular aspect of atomic research, 
do they really need the other 5996 delegates in the same 
building? Obviously not, but apparently no other method 
exists of getting four scientists from different parts of the 
world together. 

What is the avowed aim of any conference? If it is 
merely the presentation of formal papers, then the pub- 
lished proceedings will be enough. If it is the personal 
meeting of scientists, then work to determine the optimum 
size of such meetings is urgently needed. In addition to 
research on the aims and optimum size of a conference, the 
internal mechanism of conference procedure should also be 
investigated. Again, surely scientific methods of research 
could be employed to provide an answer. 

These remarks are not intended as a criticism of the 
Second International Conference of the United Nations on 
the Peaceful Uses of Atomic Energy, and its organisation. 
The United Nations as a whole, the Secretariat, the Scien- 
tific Secretaries of the many delegations, and finally the 
Press and Public Relations Officers deserve the highest 
praise for having used all their facilities to mount the 
conference. These comments are made, however, for the 
sole purpose of stimulating discussion with the hope that 
better arrangements can be made for the future. There 
should be more frequent meetings, perhaps of smaller 
groups, so that more concrete results can be anticipated. 


IAEA IS GETTING TO WORK 


The Second General Conference of the International 
Atomic Energy Agency (IAEA), which began in Vienna 
on September 22, follows so closely on the Geneva Atoms 
for Peace Conference that both Press and public will be 
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Scientists at Geneva. Specially drawn for Discovery 
by J. Gardner. 


little interested in what it says or does. This is the more 
unfortunate because the IAEA was the first, and may well 
prove to be the most important, result of the first Atoms for 
Peace Conference of 1956. 

This Agency differs from the other UN bodies in being 
controlled, for all practical purposes, by a 23-member 
Board of Governors, appointed as political rather than 
technical representatives of their governments, and it is 
their report which is being studied by the General Con- 
ference. It is commendable that the report. which surveys 
the Agency’s progress up to the end of June, was published 
in plenty of time to be studied before the conference. 

In the eight months which the report covers, a good deal 
of headway has been made, although not perhaps in the 
directions foreseen when the constitution was drawn up at 
New York some eighteen months ago. For example, the 
major role originally foreseen for the Agency was acting as 
a channel for the supply of fissionable materials for the 
atomic energy programmes of countries not in a position 
to supply their own. In fact, some 5000 kg. of fissionable 
materials are already on offer to the Agency, but so far no 
requests for these services have been received. (This is 
perhaps just as well, since at the time of the report the 
financial conditions of these offers had not been finally 
determined.) The obvious conclusion is that most of the 
governments concerned find it more expedient, for one 
reason or another, to do this vital section of their business 
bilaterally or through normal commercial channels. 

The unwillingness of governments to commit themselves 
to a policy of working through the Agency was typified by 
the evasive answers given by the Prime Minister when this 
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question was raised in the House of Commons in July. In 
effect, he was quite unable to agree even to the establish- 
ment of the principle that inspection of plants built by 
Britain overseas should be done through the Agency. In 
view of the fact that this is precisely the sort of thing IAEA 
was set up to do, this is, to say the least, unfortunate. It 
would appear, too, that the agreement reached between the 
U.S.A. and the Euratom countries likewise virtually ignores 
the role of [AEA in this respect. 

On the other hand, a number of governments do seem 
well prepared to use IAEA’s facilities to evolve their 
own atomic energy programmes and services. Thus, the 
first overseas mission of the Agency, a field survey of 
training requirements in seventeen Latin-American coun- 
tries, was successfully completed during the year, and 
initial plans for the establishment of centralised training 
facilities were worked out. Again, the essential job of 
standardising terminology in nuclear physics and engineer- 
ing in various languages, and the even more necessary one 
of establishing internationally acceptable safety standards, 
are both in hand. At present, for example, there is not even 
agreement on the types of danger-signs to be used. The 
publications programme, which will certainly prove to be 
one of the most important and useful of all LAEA’s activi- 
ties, is also well under way, with a provisional manual on 
safe practices in the use of radio-isotopes. This should be 
followed by a general code of regulations on maximum 
permissible dosages, a review of data on the disposal of 
radioactive wastes, and a polyglot international electro- 
technical vocabulary. For this sort of work IAEA has 
already established good working agreements with other 
UN agencies, such as WHO, ILO (interested in the 
protection of workers against radiocontamination), and 
UNESCO. 

On the training side the fellowships programme is 
evidence of a real willingness of the larger member- 
countries to help by the provision of fellowships and other 
facilities. Although no one would expect this essential 
need to be regarded quite altruistically, it looks as though 
there are as many offers of places in training establishments 
in America and Soviet Russia alone as there are fit 
personnel in the countries requiring such assistance. In 
general, it would seem that the most valuable functions 
that IAEA can perform, for the moment, are to provide 
a clearing-house for information, to advise groups of 
countries on their immediate needs in personnel and train- 
ing facilities, to arrange such training where possible, and 
to get the various governments accustomed to the idea of 
handling these matters at an impartial international level 
from the start. Later, when this young UN child is stronger, 
there should be plenty of time to launch out into the 
dangerous waters that surround the rock of inspection, 
round which even the toughest statesmen still navigate with 
considerable caution. Finally,-we may hope to look 
forward to the day when IAEA really does become the 
broker to which the “underdeveloped” countries, seeking 
nuclear power supply without political strings attached, 
automatically turn. The nearer the nations come to agree- 
ment on the military aspects of the use of this new source 
of power, the better the chances that they will wish to leave 
the day-to-day organisation of its peaceful uses to the 
Agency set up for this purpose. 
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GLASGOW: THE BRITISH ASSOCIATION 


The election of a new president, Prof. Sir James Gray, 
F.R.S., was one of the first official acts performed by the 
British Association at its annual meeting. Sir James has 
been Professor of Zoology at Cambridge for twenty-one 
years, and has played a leading part in re-establishing the 
functional analysis of living cells and living animals as a 
major object for zoological research. He is Chairman of 
the Advisory Committee on Fishery Research, and has 
taken a particularly active and personal interest in the 
study of salmon. In his capacity as chairman of a com- 
mittee for research undertaken jointly by the Scottish Home 
Department and the North of Scotland Hydro-Electric 
Board, he has conducted an inquiry into the passage of 
smolts and kelts through fish passages. 

One of Britain’s leading zoologists, Sir James has 
demonstrated the essential part played by the nervous 
system in the co-ordination of animal movement. His 
standard work on Experimental Cytology summarises his 
early research which was particularly concerned with the 
mechanics of movement in a variety of cells with an 
emphasis on the value of a physical and chemical approach 
to cytology. These same principles have since been 
extended to a wide-ranging study of animal movement from 
the spermatozoon to fish, whales, snakes, and a great 
variety of terrestrial animals. 

Science for the Young. A young people’s programme. 
for children between the ages of ten and fifteen. has been 
approved by the council of the Association. The pro- 
gramme is designed to discover special scientific aptitudes 
in young children and, where no aptitudes exist, to stimu- 
late interest and understanding of what science is about. It 
is hoped that this understanding of the significance of 
science will remain with the child regardless of the field of 
activity he may choose later in life. 

Two committees, under the chairmanship of Sir Ben 
Lockspeiser, have been set up to deal with this programme, 
the main points of which are: (1) the publication of a 
science magazine, attractively presented and understand- 
able to this age group; (2) the projection of a “Junior” 
British Association; (3) assistance and encouragement to 
existing science clubs. The Young People’s Committee will 
be the planning committee, and the Visual Aids Committee 
will deal with the technical aspects of any media concerned. 
A study group to examine the presentation of science to 
graduate students has also been set up. 

Developing a Viral Antibiotic. Viruses are most easily 
observed by their effects on the cells and tissues in which 
they grow. They usually cause disease of the host, whether 
human, animal, insects, plant, or even bacteria. 

Viruses reproduce inside living host cells, but they do 
not divide like bacterial and other unicellular organisms by 
binary fission. After penetrating the cell wall there is a 
period when a virus can no longer be detected because it 
has lost its ability to infect new cells. The replication of 
virus material takes place while it is in this non-infectious 
or vegetative state which is eventually followed by the 
assembly of new fully infectious particles. 

Chemical studies have thrown light on this phenomenon. 
Many small viruses consist solely of protein and nucleic 
acid. Classical work on bacterial viruses has shown that 
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the bulk of the virus particle remains outside, while the 
nucleic acid penetrates the cell, and initiates the synthesis 
both of new virus nucleic acid and of protein, subsequently 
assembled into complete virus particles. More recent work 
with tobacco mosaic virus, poliomyelitis virus and others, 
strongly suggests that it is the nucleic acid from those 
viruses as well which initiates the process of virus repro- 
duction. 

Dr M. G. P. Stoker of Cambridge University and 
Professor Elect in Virology at Glasgow, opened the dis- 
cussion with a vivid demonstration of how the electron 
microscope and improved methods of purification had 
allowed direct examination of many different types of virus, 
which vary both in size and shape. Dr Alick Isaacs, of the 
Medical Research Council, then spoke about current 
research work on the prevention of virus growth. Penicillin 
and other antibiotics which stop bacteria from growing 
have no effect on viruses. All viruses contain protein and 
nucleic acids and it is possible to design substances which 
prevent viruses from growing by stopping the synthesis of 
proteins or nucleic acids. But those substances which have 
been tested have all proved to be too toxic for use in man, 
since they would stop the synthesis of protein and nucleic 
acids both for the virus and for man. 

Recently a new approach to this problem has been 
opened. It is based on the well known virus interference 
phenomenon, in which one virus interferes with the growth 
of another. It seems that this interference is due to the fact 
that the first virus produces a substance, which is called 
interferon, that is capable of preventing the growth of 
a variety of different viruses. Interferon is, therefore, a 
viral antibiotic, that is, a product of a biological process 
which prevents the growth of viruses, and possibly a 
protein. 

Dr Isaacs added that if interferon could be produced in 
a pure form it might well be found to prevent the growth of 
a variety of viruses. 

Lubrication in the Nuclear Age. During the next ten 
years it is expected that nuclear power stations will provide 
a total generating capacity of at least 10,000 MW of elec- 
tricity in the United Kingdom and Western Europe. 

Dr C. G. Williams pointed out that while many of the 
requirements of a nuclear power station are covered by 
conventional lubricants, such as turbine oils for the elec- 
tricity generating equipment, other requirements call for 
lubricants having special properties. For example, the CO, 
circulating fans must be lubricated with an oil having low 
vapour pressure so that little oil will pass into the gas 
stream and contaminate the reactor. Similarly the oil shall 
have low solubility for CO. so that no hold-up of CO, 
(which may be slightly active) in the gas separation equip- 
ment shall occur. 

Since 1953 the problem of developing lubricants capable 
of withstanding the deleterious effects of nuclear radiation 
has been actively pursued. There are three main types of 
oils each of which have different reactions when exposed to 
nuclear radiation. 

All the hydrocarbon oils examined were found to increase 
in viscosity to varying extents and eventually, in some cases, 
became solid at the higher pile dosages (about 1-8 x 10"* 
neutrons/sq. cm.). These “solid oils” have soft, jellylike 
consistencies with high melting-points in excess of 220°C: 


they are incompletely soluble in various common solvents 
such as benzene, ethanol, and ether. 

The cross-linking (polymerisation) of the hydrocarbon 
oil occurs irrespective of the type of radiation used. In 
fact, if the results from separate experiments with neutrons, 
electrons, and gamma rays are reduced to a common energy 
absorption level, then a satisfactory correlation is found 
for the three types of radiation in the effects they produce. 
Similar processes, therefore, are taking place under the 
three conditions. 

A major factor which determines the resistance of a 
hydrocarbon oil to the effects of nuclear radiation is the 
presence of aromatic compounds. Results clearly indicate 
that there is a significant decrease in radiation damage with 
increasing aromatic content. It is probable that the aro- 
matic compounds are acting as “energy sinks” and are able 
to dissipate absorbed energy without undergoing drastic 
changes leading to cross-linking and viscosity increases. 

After irradiation with neutrons in the BEPO pile at 
Harwell, many hydrocarbon oils were found to be radio- 
active, the activity increasing with increasing sulphur 
content of the oil. This was traced to the presence of a 
radio-isotope of phosphorus, P-32, which emits electrons 
and has a half-life of about 14 days. The isotope is formed 
from sulphur S-32, which is present in most petroleum 
lubricants, by capture of a neutron followed by the ejection 
of a proton. After pile irradiation it is therefore necessary 
to allow oils to “cool” to a low level of activity before 
examination in the laboratory. Unlike neutrons, however, 
gamma rays do not give rise to this induced radioactivity, 
and gamma-irradiated samples can be safely handled 
immediately after tests. 

In general, a conventional grease consists of a hydro- 
carbon oil which has been gelled with a sodium, lithium or 
calcium soap. Such greases have been found to have poor 
radiation stability, becoming liquid at relatively low 
dosages. These changes are virtually independent of the 
type of base oils used in the preparation of the grease, and 
are indicative of a significant breakdown in the structure 
of the gelling agent. One way to achieve a radiation stable 
grease is to use an inorganic gelling agent. Greases based 
on hydrocarbon oil have been shown to be stable to 
irradiation dosages as high as those which the base oil 
itself will withstand, and offer considerable promise in 
applications where grease, as distinct from oil lubrication 
is desirable. 

The phenomenon of polymerisation, or cross-linking, 
under the influence of nuclear radiation is not peculiar to 
hydrocarbon oils but extends also to many synthetic 
materials such as the well known silicone fluids. In view 
of their high thermal stability and good viscosity-tempera- 
ture characteristics, various commercially available sili- 
cones of differing viscosity and aromatic content have 
been irradiated. As expected from experience with hydro- 
carbon oils, the non-aromatic groupings were more 
satisfactory. 

In future temperatures will be pushed higher and reactor 
neutron fluxes will increase. This means that the demand 
made on the lubricants will also go up. In some reactors it 
is suggested that the reactor coolant will be circulated to 
the turbine directly. If this coolant is radioactive, then the 
turbine lubricant must be stable to the radiation. 
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Reviving Frozen Mammals. Dr A. S. Parkes’ fascina- 
ting paper entitled “Some Biological Effects of Low Tem- 
peratures”, revealed that rats, mice, and dogs can be revived 
after cooling to 0°C, although heartbeat and respiration have 
been arrested for an hour or more. Even more remarkable 
is the fact that rats so treated show no impairment of 
memory or learning capacity. Until a few years ago, it was 
commonly thought that an adult non-hibernating mammal 
could not survive cooling to a body temperature below 
ah. 

Individual tissues may remain viable long after the 
clinical death of the organism, as shown by the capacity of 
these tissues to form functional grafts in other animals. As 
knowledge increases the means of resuscitation will extend, 
so that what constitutes death today will not necessarily do 
so in the future. But at present a much lowered body 
temperature is an essential feature of the kind of suspended 
animation envisaged above. The possibility exists, how- 
ever, that victims of cold and exposure, associated with a 
comparatively rapid cooling of the body, may sometimes be 
regarded prematurely as dead. Whether resuscitation in 
such cases, if it could be effected, would be justifiable in 
view of the possibility of permanent damage is debatable, 
but the work on experimental animals suggests that this 
hazard is not as great as might have been expected. 

In 1949 it was discovered that sperms of several species 
could be protected against damage during freezing by 
adding glycerol to the semen and by slow cooling. Today, 
progeny from frozen bull semen number well over a million 
and equipment for large-scale processing and freezing of 
semen has been developed. Human red blood cells can be 
stored when treated in the same way. 

From the early experiments with glycerol, two principles 
emerged: (1) the use of an effective protective substance, 
which might or might not have to be removed after thawing 
before the cells could be used: and (2) the desirability of 
slow cooling. This technique, or modification thereof, has 
now been applied to many other cells and tissues. 

A rational approach to the problem of avoiding the 
damage caused by freezing depends on adequate knowledge 
of the nature of that damage. So far our knowledge is very 
inadequate. It is an interesting sidelight on biological 
research that, to date, progress in this field has mainly taken 
the form of empirical discoveries which later have to be 
explained. 

As regards the whole mammal, or even the whole verte- 
brate. work on suspended animation is at a very early stage. 
The possible duration of suspended animation in mammals 
at ordinary body temperature is severely limited by the 
rapid breakdown of the elaborate biochemical systems of 
the body and the onset of irreversible changes; the same is 
true to a lesser extent even at a body temperature of 0°C. 
For long-term preservation in the frozen state much lower 
temperatures will be necessary, presumably in the range 
already known to be required for individual cells and 
tissues. The induction of suspended animation at —80°C 
will no doubt necessitate the pretreatment of the mammal 
with some such substance as glycerol at a concentration, 
which, according to present knowledge, is highly toxic to 
the whole animal. 

Dr Parkes concluded with the observation that though 
the biologist obviously is not near to achieving suspended 


OCTOBER 1958 DISCOVERY 


animation of a warm-blooded animal at a temperature 
likely to result in a stable state, he may do so unexpectedly 
at any moment by some ingenious stroke. 

Colour Vision and Colour Blindness. The importance of 
adequate tests for colour blindness first became recognised 
as a result of the widespread use of colour signals on the 
railways and for shipping. One of the first tests showed 
that about 5‘, of men were red-green blind. Prof. Pickford 
said that the large amount of research on colour vision and 
colour blindness gave strong support to the theory that 
red-green blindness is a Mendelian sex-linked recessive. 
The relative infrequency of women defectives for a sex- 
linked recessive is an interesting point which supports the 
theory. 

Colour vision is found in lower animals such as insects, 
fish, reptiles and birds but not among frogs and toads or 
the lower mammals, but appears to have been evolved 
again by the higher apes, and colour blindness may be 
found among them too. The lower frequencies of these 
defects among men of other than white or Caucasian stocks 
suggests that natural selection may have acted more force- 
fully on this character among them than among whites. 

Workers in the field of colour vision and colour blindness 
now hold three- and four-colour theories. Referring to 
these theories, Prof. Pickford said the idea that all devia- 
tions in normal and anomalous colour vision (and even 
some forms of dichromacy) might be due to so-called 
“shifts” in the spectral sensitivity of certain pigments, sug- 
gests that there must be several different pigments grouped 
under each of three headings: red, green, and blue. The 
detailed investigation of such possibilities by physiologists 
would be of the greatest interest to psychologists. Ii seems 
worth suggesting that the possibility of a number of photo- 
sensitive pigments grouped under three main headings 
might link up with the interesting suggestion that there 
might be as many as five photosensitive mechanisms in 
cone vision. 

An important link between science and industry is to 
be found in colour-vision research. It is well known that 
from some occupations in which life and safety depend on 
the use of amber, green, and red signal lights, all major 
colour-vision defectives must be excluded, and that the less 
seriously defective among them may be the more dangerous 
because they do not appreciate their own weaknesses. 
Testing yellow-blue vision may be important, especially 
since it tends to deteriorate somewhat in persons over 
forty-five years of age. 

Research has recently been directed towards trying to 
find signal lights which would be at least fairly satisfactory 
for colour-vision defective subjects. Other research has 
dealt with the relationship between the magnitude of colour- 
vision defects and the degree of liability to accidents in 
ordinary road traffic. Such practical applications of psycho- 
logical testing for colour blindness should be developed 
much further. 


The British Association is to be congratulated on its 
arrangements. Meetings, receptions, press conferences, 
excursions, and transport all ran smoothly due to the 
excellent organisation of the permanent staff of the BA, the 
Glasgow authorities, and the Press Officer. 
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FIG. |. The Cockpit of a Modern Airliner. 
(Photograph by courtesy of the Decca Navigator Co. Ltd.) 


Missiles have been all too much in the news of late. To 
many people, automatically controlled flight conjures up 
visions of rocket weapons raining on their home town in 
the next world war. Yet there is an entirely different facet 
to this, for automatic flight control is an important factor 
in the development of cheap and reliable air travel, from 
which most of us are benefiting. It is with this aspect alone 
that this article will deal. 

One glance at the instrument panel of a modern airliner 
(Fig. 1) is sufficient to enable one to understand why it is 
desirable to lighten some of the pilot’s tasks. Before 
explaining how this is done, it is as well to discuss what 
some of these tasks are, and how they are helped by 
instruments. 

A modern airliner is a highly complex machine. The 
complexity arises perhaps no more from the primary func- 
tions of flying, propulsion, and control, than from the many 
ancillary services, such as electrical and hydraulic supplies, 
air conditioning, fuel system, radio apparatus, and so forth, 
each of which represents an elaborate installation of its 
own, most often duplicated to guard against possible 
failure. All these “systems” need watching to see that they 
are working properly—of course they are themselves made 
as automatic as is practicable, and some of them may be looked 
after by the flight engineer. Engine conditions, particularly 
revolutions per minute and temperature, also need observa- 
tion. Radio communication must be maintained with 
control centres on the ground. During the initial approach 
and landing phases, flaps and undercarriage must be 
lowered, engines must be throttled back to the right régime, 
and, where applicable, propeller pitch must be altered; 
engine instruments and brakes must be checked; “No 


* Any opinions expressed are the author's own and not neces- 
sarily those of the Sperry Gyroscope Co. Ltd. 
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Smoking” and “Fasten Seat Belts” notices must be switched 
on. There are a host of other matters to attend to, and 
altogether the pre-landing check list may run to close on a 
hundred items on some aircraft. Precise “holding patterns” 
must be flown while awaiting one’s turn to land. 

The “primary” duties of flight control and navigation are 
thus only part of the pilot’s task—again navigation may be 
in part the task of a navigator or co-pilot. During the 
cruise (as opposed to take-off and landing), flight control 
may not be particularly onerous or difficult in itself. Flying 
an aeroplane without intermission over a period of hours 
may however result in a degree of fatigue which might 
impair the alertness required during the critical approach 
and landing phases. The pilot of an airliner is more like 
the captain of a ship than like the driver of a car. He has 
charge of a complex entity, and this is not compatible with 
continuous concentration on the specific task of operating 
the flight controls. 


FLIGHT INSTRUMENTS 


if Man was meant to fly, we are sometimes told, God 
would have given him wings. That, however, would not 
have been enough. Flying implies not only sustentation 
and propulsion, but also control, and control implies a 
knowledge of one’s present situation. This knowledge 
must be gained through the senses, but our senses are 
totally inadequate for flight. When we are subjected to 
rapid manoeuvres, and at the same time deprived of the 
help of visual clues, as in cloud, our sense of balance 


FIG. 2. Navigation Data. Heading is the direction in 
which the aircraft points. This is in general different 
from Track, the direction in which the aircraft travels, 
owing to drift induced by sideways wind. Ground speed 
is related to air speed and wind speed by the vector 
diagram shown, and its direction is the track, 
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FIG. 3. Gyro Horizon. (Right) The aeroplane’s sense of 

balance. The fixed design in the centre represents the 

aeroplane, the moving bar represents the horizon. The 

aircraft is climbing and banked to the right. If the air- 

craft is flown to “chase” the horizon, level attitude will 
be regained. 


FIG. 4. Dutch Roll. (Below) A form of oscillation to 
which high-speed aircraft are particularly prone; it consists 
of combined but dephased rolling and yawing motion, 
and is unpleasant but otherwise—within limits—harm- 
less. It is eliminated by fitting special automatic control 
devices known as “autostabilisers” or “yaw dampers”. 


— — 





becomes utterly confused. Likewise—and unlike the 
migratory birds—in the absence of visual clues we have no 
“sense of navigation”, i.e. we cannot directly tell where we 
are on the surface of the globe or in which direction we are 
going, or, for that matter, how high we are above the earth, 
or at what speed we are moving. 

The missing information is supplied by flight instru- 
ments and navigational aids, which are the “senses” of the 
aeroplane. The most important flight instruments are the 
Airspeed Indicator, the Altimeter (which gives an indica- 
tion of height as determined from ambient atmospheric 
pressure), the artificial horizon, the compass, and the 
azimuth gyro. On high-speed aircraft, these are supple- 
mented by the Machmeter, which indicates the Mach 
number, that is the ratio of aircraft speed through the air to 
the ambient speed of sound. Some other instruments used 
are the vertical speed indicator (which gives the rate of 
climb or dive), the turn and slip indicator (which gives rate 
of turn and “sideslip”’), and the radio altimeter, which gives 
height over local terrain. 


GYRO INSTRUMENTS 


The gyro instruments are based on the well-known 
property of spinning bodies (such as the tops of our child- 
hood days) to tend to maintain their axis of rotation in a 
fixed direction in space. Thus a wheel spinning in a 
horizontal plane will tend to remain horizontal, and this 
is the basis of the artificial horizon (Fig. 3); the position 
of the spinning wheel is indicated by a moving “horizon 
bar” which shows in what relation the horizon would 
appear to the aircraft if it were visible. In practice, several 
factors tend to cause the plane of the spinning wheel to 
drift slowly away from the horizontal, and horizon gyros 
embody an “erection system” which counters such effects. 

Depending on the type, the azimuth gyro is complemen- 
tary to or a substitute for the magnetic compass, which for 
various reasons cannot given an accurate indication while 
the aircraft is manoeuvring. Its simplest form is the direc- 
tional gyro, which is a wheel spinning about a horizontal 
axis, and which will therefore keep pointing in a fixed 
direction, apart from “drift” effects. The gyro-magnetic 
compass is a directional gyro automatically controlled (by 
a special kind of magnetic detector) to point to Magnetic 
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North; it is in effect a magnetic compass of an elaborate 
kind, but very much steadier than the plain compass needle, 
and not subject to serious errors in manoeuvring. Any type 
of magnetic compass is however useless for flying near the 
poles, where magnetic information is unreliable. For flight 
at high latitudes use is made of the “polar” gyro; this is a 
high-precision instrument in which drift due to essential 
inaccuracies is reduced to a very low value, and which 
moreover is automatically corrected to compensate for the 
rotation of the earth; it cannot be used directly to fly a 
rhumb line (fixed bearing relative to True or Magnetic 
North), but is used to fly a great circle course. In practice, 
instruments are made which can be used at will as a plain 
directional gyro, a gyro-magnetic compass, or a polar gyro. 


THE BEGINNINGS OF AUTOMATIC 
FLIGHT CONTROL 

The flight instruments give the pilot the information 
required for flying the aeroplane on a short-term basis, and 
the pilot moves his controls as may be required in the light 
of the information presented to him by the instruments. 
He can of course use visual clues if available, but he does 
not have to (except, so far, for take-off and landing), and 
can fly on his instruments alone. This being so, it is but a 
short step to make the instruments actuate the aircraft 
controls by sending out “command signals” to servo- 
motors. 

The use of gyroscopes for automatically controlled flight 
was suggested as far back as 1908 by F. W. Lanchester; the 
first automatic pilot was produced and demonstrated by 
Lawrence Sperry in 1914. 

Just like a ship, an aircraft does not of its own accord 
maintain a fixed heading (for definition of “heading” and 
other allied terms, see Fig. 2). The first basic function of 
an auto-pilot is to keep the aircraft on a fixed heading, 
which it does by linking the aircraft directional controls to 
the azimuth gyro, by means of electric or pneumatic 
signalling lines. 

A stable aeroplane will of its own accord (i.e. if flown 
“hands off”) maintain its wings level, and will not tend to 
go into a climb or dive unless made to do so by the pilot. 
Gusty weather will however produce transient disturbances 
from the desired attitude, and the “natural” stability of the 
aeroplane is not usually good enough to resist these effects 
sufficiently firmly for the comfort of the occupants. By 
linking the aircraft’s controls to the horizon gyro, the 
aircraft can be made to maintain a stable attitude against 
atmospheric disturbances, and this is the second basic 
function of an automatic pilot. 

The development of air transport in the 1930s, and 
particularly the increasing stage lengths involved, brought 
about the adoption of automatic pilots in airliners, while at 
the same time some military aircraft were similarly 
equipped. The automatic pilots involved were elementary 
in comparison with their modern counterparts, and were 
usually limited to the basic functions of holding heading 
and attitude. 


UNSTABLE AIRCRAFT 


The stabilising function of automatic flight control 
systems, almost a luxury at one time, is becoming a severe 
necessity nowadays. The high-speed aircraft of today 


412 





FIG. 5. Rolls-Royce Flying Bedstead. A possible fore- 
runner of some of the “direct lift” aircraft of the future. 


(Photograph by courtesy of Rolls-Royce Ltd.) 


FiG. 6. Halteres. Flies and other insects of the order 

Diptera possess halteres which, beating simultaneously 

with the wings, are a form of gyroscopic device. One of 

the latest ideas in gyroscopes is based on using a vibrat- 
ing mass instead of the usual spinning wheel. 
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FIG. 7. Principle of the Automatic Pilot. A very much 
simplified diagram of an automatic pilot. The pilot selects 
on the controller what he wishes the auto-pilot to do. 
Commands are relayed to the computer, which receives 
information from gyros, speed and height sensors, and 
radio receivers. The computor determines what move- 
ments the aircraft controls must execute, and sends out 
appropriate commands to the servo-motors, which execute 
these movements. The whole system is very much like 
that of higher animals, with items at the top representing 
sense organs, the computer representing the brain, the 
servo-motors representing the muscles, and the inter- 
connexions representing the nervous system. It might 
be said that the pilot’s controller represents the will. 


FIG. 8. An Auto-pilot Computer. The black box which 
does the thinking. 
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(flying over 400 m.p.h. or thereabouts) are prone to a form 
of oscillation known as “Dutch Roll” (see Fig. 4), to over- 
come which a special form of automatic control—known 
as “autostabiliser”—has been devised; this differs from an 
auto-pilot in that it acts without taking over control of the 
aeroplane, by superimposing a stabilising motion on the 
rudder. 

Helicopters can also be vastly improved as regards ease 
of handling (not one of their great virtues so far) by auto- 
matic stabilisation. As for other forms of “direct lift” 
aircraft, which are visualised for the future and of which 
we have had a foretaste in the Rolls-Royce “Flying 
Bedstead” (Fig. 5), some of them may have no “natural” 
stability at all in certain phases of flight, and automatic 
flight control may be as necessary for them as engines. 

In this connexion, it is interesting to note that the 
house-fly and a number of other insects are also unable to 
fly without their gyroscopic stabilisation system (Fig. 6). 


THE EXTENSION OF AUTOMATIC FLIGHT 
CONTROL SYSTEMS 


An immediate extension of the basic automatic flight 
control functions just described is the provision of means 
for altering heading and attitude, as may be necessary 
when changing course, or to climb or dive. Modern auto- 
matic pilots are arranged to maintain whatever heading 
and pitch attitude the aircraft had at the instant the auto- 
pilot was engaged, and thereafter the pitch attitude can be 
altered by a “trim knob” on the pilot’s panel. A current 
method of altering heading is the preselection system, in 
which the pilot sets up the heading by a knob which moves 
a selection marker on the gyro-magnetic compass indicator 
card, after which the aircraft will turn to the selected 
heading when the pilot presses a button provided for the 
purpose. There is more to the execution of correct turns 
than meets the uninitiated eye, since the aircraft mus: be 
banked at the appropriate angle at all times, and aileron, 
rudder, and elevator movements must be accurately 
co-ordinated to prevent throwing the passengers sideways 
in their seats or the aircraft nosing down while banked. 
These requirements introduce some complication into the 
flight control system. 

Other extensions have arisen from the operational 
requirements of modern aircraft. For instance in certain 
phases of flight it may be necessary to maintain a fixed 
height to quite a high degree of accuracy, or a fixed air- 
speed. Jet aircraft are called upon to cruise at a constant 
Mach number. For a number of reasons, control based on 
pitch attitude cannot result in accurate maintenance of 
constant height or speed for appreciable periods. Modern 
auto-pilots achieve the required results by linking the 
control system to the appropriate height or speed 
measuring devices. 


RADIO GUIDANCE 


The gyro-magnetic compass is only capable of control- 
ling the aircraft to a given heading. For navigation, and 
also for landing, it is necessary to fly a given path, which 
is somewhat more difficult, but can be achieved nowadays 
by means of radio guidance. 

Most modern airports are equipped with ILS (Instrument 
Landing System) radio transmitters (see Discovery, 1957, 
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vol. 18, No. 3, p. 100), which send out a narrow “localiser” 
beam in line with the runway. The beam is picked up by 
a special radio receiver in the aeroplane, which detects the 
deviation of the aircraft from the centre of the beam. By 
coupling the auto-pilot to the localiser receiver, the aircraft 
is made to hold the centre of the beam, and thus approach 
in line with the runway. The ILS installation also com- 
prises a “glide path” transmitter, which sends out a direc- 
tional beam sloping upwards at 3° from the runway 
threshold. A glide path coupler, similar to the localiser 
coupler, controls the aircraft in the vertical plane, causing 
it to hold the centre of the glide path beam in the later 
Stages of the approach. The final stage (landing) is still 
effected visually in current practice, but since the ILS 
beams guide the aircraft to as low as 200 ft. or less above 
the runway, safe landings can be made under low cloud 
conditions. 

It should be explained that while automatic guidance is 
now the accepted method of using ILS facilities, for 
some years pilots have been flying their aircraft manually 
to the centre of ILS or similar beams, with the help of 
indicating instruments actuated by the ILS receivers. 
Automatic guidance is however an important step forward, 
since the pilot can devote more of his attention to looking 
out for the runway as he breaks cloud. 


ROTATING DIRECTIONAL BEAM 
(30 REVOLUTIONS PER SECOND) 


NON DIRECTIONAL RADIATION - 

—__. MODULATED AT 30 CYCLES PE 
te SECOND. MAXIMUM OCCURS AS 
ROTATING BEAM PASSES 
THROUGH NORTH. the time 


FIG. 9. VOR Beacon. The phase 
difference between directional and 
non-directional signals received at 
the aircraft immediately gives the 
latter’s bearing from the beacon. A 
VOR beacon might be compared to 
a lighthouse which would send out 
a rotating white beam, plus a non- 
rotating blue flash every time the 
white beam passed through North; 
interval between the 
passage of the beam and the flash 
would then give the observer's bear- 
ing from the lighthouse. (VOR 
stands for Very High Frequency 
Omni-Directional Range.) 


Further steps in radio guidance will be dealt with below. 
Enough has been said however to give the reader an overall 
impression of an automatic flight control system, and this 
may be recapitulated by reference to Fig. 7. A representa- 
tive auto-pilot computer, the “brains” of the system, is 
illustrated in Fig. 8. 


PROGRAMME MANOEUVRES 

The preselected turn, described earlier, is an elementary 
example of a programmed manoeuvre. Another highly 
desirable programmed manoeuvre is the automatic landing, 
which has been achieved experimentally. The technical 
problems involved are formidable, not the least of them 
being reliability, and automatic landing is still some way 
from being practical politics for airliners. It is however 
sure to come, and when it does, it will enable landings to 
be made under any conditions whatever, including 
thick fog. 

Another type of programmed manoeuvre is the auto- 
matic climb. This again lies in the future, although it does 
not raise any difficult technical problems. The object is to 
relieve the pilot of the need to concentrate on his altimeter 
during climb, by allowing him to preselect a desired height, 
after which the automatic pilot will cause the aeroplane to 
climb to that height and then level out. 


FIG. 10. Three of the Principal Flight Instruments on a Modern Flight Instrument Panel. The gyro-magnetic compass 
indicator (/eft) gives the aircraft heading under the lubber mark at the top, while the two pointers give the bearings of 
two selected radio beacons; the marker (top right) is for preselection of heading for the auto-pilot, or for reference. 
The artificial horizon is in the centre; this particular instrument embodies “flight director” pointers. By following these 
the pilot can maintain a set course and attitude, height, speed, and radio steering information (VOR or ILS), without 
referring to other instruments except as a check. The flight director presents the pilot with information specially 
“digested” in such a manner as to ease considerably the task of flying. The pictorial deviation indicator (right) shows 
the position of the aircraft (at centre) in relation to a selected radio beam, shown by the Vee. A 330° “radial” has been 
selected; the aircraft is to the right of that radial. and flying to intercept it at about 45°. 





(Diagram by courtesy of the Sperry Gyroscope Co. Lid.) 
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FIG. 11. Principle of Hyperbolic Navigation. Radio 
transmitters A, B, C, emit synchronised pulses. Time 
intervals between pulses received at the aircraft are 
measured. The time interval between pulses from A and B 
locates the aircraft on a hyperbola H,, with A and B as 
foci. The interval between pulses from B and C locates 
the aircraft on a hyperbola Hyg- with B and C as foci. 
The aircraft must therefore be at P, the intersection of 
the two hyperbolae. In the Decca system, measurement 
of time intervals between pulses is replaced by measure- 
ment of phase differences between continuous waves. 


FIG. 12. Decca Flight Log. The indicator which shows 
past track and present position. 
(By courtesy of the Decca Navigator Co. Ltd.) 
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NAVIGATION AIDS AND AUTOMATIC 
NAVIGATION 

The flight control problems dealt with so far are all in 
a sense short-term problems. The long-term flight control 
problem is navigation, which is the art of finding out one’s 
position over the earth’s surface, and of taking the correct 
course to arrive at the desired destination without waste of 
time or fuel. 

One of the most useful short-range navigation aids is the 
VOR radio beacon (VOR stands for Very High Frequency 
Omni-Directional Range), the functioning of which is 
explained in Fig. 9. The signals received from the beacon 
are suitably processed and presented in a “digested” form. 
One form cf presentation is by “RMI” pointers (Fig. 10, 
left) which give the bearing of two selected beacons; 
another is exemplified by the Sperry Pictorial Deviation 
Indicator (Fig. 10, right). By coupling the auto-pilot to the 
latter type of instrument, the aircraft can be made to 
“home” on to the beacon, or fly away from it, at a selected 
bearing. 

Hyperbolic radio-navigation systems (such as Decca) are 
widely used for medium and long-range navigation. The 
principle of these systems is illustrated in Fig. 11. The 
Decca Flight Log (Fig. 12), interprets the received radio 
signals automatically, and shows the current position of the 
aircraft on a map. Automatic navigation based on hyper- 
bolic systems is not yet available, but is likely to be so 
before very long. It should enable the aircraft to fly on a 
predetermined path from departure to destination—much 
like a railway train, except that the track can be altered or 
left at will. 
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FIG. 13. Doppler Radar. Two toed-out pulsed beams are 
emitted by the radar carried on the aircraft. The beams 
sweep out an angle sideways while maintaining a fixed 
angle between each other. The radar receives echoes 
from the ground and measures the frequency shift due to 
the Doppler effect. The sweep angle at which the fre- 
quency shift is the same for both beams determines the 
drift (angle between track and aircraft heading). The 
heading being known from the gyro-magnetic compass, 
this gives the track. The frequency shift determines the 
ground speed, and the time integral of the latter, auto- 
matically worked out by very accurate electrical com- 
puting devices, gives the distance covered. From the 
track and distance, the present position is computed, 
again automatically. 


DEAD RECKONING BROUGHT UP TO DATE 


Some of the latest ideas in aircraft navigation hark back 
to the ancient and elementary principle of dead reckoning, 
which consists in calculating one’s present position from a 
knowledge of one’s starting-point, speed, and direction, and 
the time elapsed. Speed and direction must be ascertained 
relative to the ground, not to the (moving) air, and this is 
by no means easy to do from inside a flying machine. The 
problem has, however, been solved in recent years by two 
different methods. 

Doppler Radar is based on the well-known Doppler 
effect, which is the shift in apparent frequency of a received 
radiation (be it sound or radio wave) if the source moves 
relatively to the observer. The usual illustration is the 
lowering of the pitch of a locomotive whistle as a train 
goes past. The principle can be applied to the modulation 
frequency of radar pulses sent out by the aircraft and 
echoed back from the ground. This is the basis of Doppler 
Radar, which is explained in more detail in Fig. 13. 

The other modern solution is Inertial Navigation 
(which incidentally is also applicable to space vehicles). 
Inertial Navigation is based on computing speed as the 
time integral of acceleration, which is measured by very 
accurate accelerometers. Two of these are used, to give the 
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FIG. 14. Diagram of a “Stable Platform”, such as might 
be used for Inertial Navigation. The platform is kept 
horizontal (whatever the position of aircraft, and point- 
ing in a fixed direction by three servo-motors. The motors 
are controlled by very accurate gyros mounted on the 
platform, and which detect any departure of the latter 
from the horizontal or from the fixed direction. On the 
platform are mounted accelerometers, which produce 
electrical signals from which the velocity and displace- 
ment of the aircraft are calculated. The apparatus 
requires gyroscopes of almost incredible accuracy. 


acceleration—and hence speed—both in magnitude and 
direction. The accelerometers must be mounted on a plat- 
form which is kept strictly horizontal (see Fig. 14). Once 
the speed is known, the position change is determined in 
the same way as for the Doppler Navigator, as the time 
integral of speed. 

While Doppler Radar is already available for civil air- 
craft, Inertial Navigation equipment is still (at the time of 
writing) reserved for military applications and shrouded in 
much secrecy as to its details, although its basic principles 
are common knowledge. No doubt it will become available 
for civil use in time, if its cost is not made prohibitive by 
the extreme accuracy required of the equipment. 

Doppler Radar and Inertial Navigators are both entirely 
independent of ground-based aids, and therefore applicable 
anywhere over the surface of the globe, although Doppler 
Radar is somewhat sensitive to the texture of the ground, 
and to sea waves and currents. The coupling of Doppler 
and Inertial Navigators to automatic flight-control systems 
can only be a question of time, and should not present 
great technical problems. When automatic landing and 
automatic navigation are accomplished facts, the auto- 
matic control of manned aircraft will be practically com- 
plete. And you, the reader, may then enjoy happier landings. 
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THE EARLIEST FILMS 


ALEX BARCLAY, C.B.E., A.R.C.S., F.R.I.C. 


The Keeper of the Department of Chemistry and Photography, Science Museum, London 





FIG. 1. Rowing-boat at sea, Naples. Photographed by 
Marey in 1891. Frame size: 8X 4:5 cm. 


The early days of the cinema have a great attraction for the 
historian of photography. This is especially so for those 
who can remember, for example, the small bioscope booths 
of the early 1900s. In these rather primitive affairs one 
experienced for the sum of a few pence a brief period of 
excitement not infrequently interrupted by the appearance 
of a yellow conflagration on the screen, due to broken film 
catching fire. The realistic rail journeys of Hales’s tours, 
which started about 1900, also provided memorable 
experiences. Seated in a rocking replica of a railway 
carriage, one was enabled to ride, as it were, in front of the 
engine; passing rapidly along tracks, round curves, under 





FIG. 2. Two fencers photographed by Marey in 1891-2 
at Naples. Frame size: 8-3 x 4-8 cm. 


bridges, over viaducts and through very dark tunnels, in a 
way never to be forgotten. Mechanical effects of blowing 
whistles, grinding wheels and hissing steam completed the 
sensation. 

Some of the early films made for these and other shows 
still survive and are occasionally reproduced in the press 
or at exhibitions. The films of the earliest pioneers, how- 
ever, are less seldom met with and are excessively rare. A 
few of them survive and it is the purpose of this article to 
place on record illustrations from some short strips of 
relatively unknown films in the National Collection of the 
Science Museum. These films were not made for enter- 
tainment and, indeed, some of the earliest were produced 
solely for scientific purposes. An outstanding instance is 
that of the famous physiologist and medical research 
worker, Etienne Jules Marey, whose classical work between 
1887 and 1900 on the analysis of animal movement at the 
Paris Physiological Station (later named the Institut Marey) 
laid the foundations of scientific cinematography. 
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Although Eadweard Muybridge in America was also 
engaged about this time on investigating phases of animal 
movement by photographic means, he confined his work to 
glass plates, whereas Marey used both plates and films. It 
is with the latter that we are here concerned. Following his 
experiments on fixed plates Marey first tried unperforated 
sensitised paper film of 9 cm. width and from 2 to 4 m. 
in length, of the kind made by Balagny and by Eastman 
about 1887. These first film results were demonstrated 
at the Academie des Sciences during the following year 
(Comptes Rendus, 1888, vol. 107, p. 677). The speed of 
operation was twenty pictures a second and the film was 
moved intermittently by an electro-magnetic control. In 
1889 Marey commenced the use of celluloid film, modify- 
ing his camera to take “daylight loading” spools of his own 
invention and employing an intermittent motion moved by 
a pressure bar operated by a star-cam. Two of his early 
results, taken at Naples in 1891, are represented in Figs. 1 
and 2. 

Although a maximum picture size of 9 cm. square was 
chosen, the number of pictures taken on a given length of 
film could be varied by altering the size of picture opening, 
thus allowing more exposures to be made on the short 
lengths of film then available. Two circular slotted 
shutters, revolving in opposite directions, enabled exposures 
down to 1/5000th of a second to be given, according to the 
size of the slots. By narrowing their width to as little as 
1-5 mm., combined with the use of special lighting arrange- 
ments, Marey was able in later experiments to reduce 
exposures to 1/25,000th of a second, by which means he 
succeeded in obtaining some of the earliest records of the 
flight of insects. 

By using his ciné-camera in the normal position, a suc- 
cession of horizontal pictures, similar to those of a film 
strip, were obtained; but for securing vertical pictures of 
the usual type the camera was turned over on its side. One 
of the first films of a falling cat landing on its feet was taken 
by Marey in 1894. Another film, a trotting horse, was also 
taken with this camera around 1894. (Nature, November 22, 
1894, vol. 2, pp. 80-1). 

Following Marey, who died in 1904, we come to his 
pupils and collaborators, Pierre Nogués and Lucian 
Georges Bull. The scientific researches of the latter on the 
wing-beats of insects at the Institut Marey were outstand- 
ing in the brilliance of their execution. (Comptes Rendus, 
1904, vol. 138, p. 755). M. Bull’s method of operation was 
to use a spark drum camera of his own invention, arranged 
for taking stereoscopic pictures on continuously moving 
film at a rate of up to 2000 frames per second. The camera 
is shown overleaf and the whole arrangement as used in 
1904 is seen with it. An example of a film taken with this 
instrument is also shown. It depicts a dragonfly in flight. 

The camera was in the form of a rotating drum, about 
3 ft. in circumference, enclosed in a light-tight wooden 
case. Two parallel lengths of film, each about 3 ft. long, 
were wound round the drum, which was rapidly revolved 
by an electric motor at speeds up to 40 r.p.s. A rotary 
interrupter on the axle outside the case, cut the current of 
a 12-volt supply, connected to an induction coil, fifty-four 
times at each turn of the drum. Each interruption gave rise 
to a pair of small but brilliant sparks, through the coupling 
of the secondary circuit of the coil with a small condenser. 
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FIG. 3. (Left) Open- 
ing of Kiel Canal, 
photographed by Birt 
Acres in July, 1895, 
Positive print from 
original negative. 


FIG. 4. (Below) Rough 
Sea at Admiralty Pier, 
Dover, photographed 
by Birt Acres in 1895. 








FIG. 5. (Above) Scene at Hyde Park Corner, photographed by 
W. Friese-Greene, c. 1888. Positive print from unperforated 
stereoscopic negative film of width 7 in. and frame size 3 x 34 in. 


FIG. 6. (Right) Scene at Hyde Park Corner, photographed by W. 
Friese-Greene, c. 1888. Positive print from part of unperforated 
stereoscopic negative film. Frame size 3 x 34 in. 
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A large condensing lens concentrated the light from these 
sparks into a pair of camera lenses mounted on the front 
panel of the apparatus. A special shutter was arranged to 
open when desired, but to close automatically after one 
turn of the drum, when fifty-four photographs had been 
taken. 

In the illustration the insect is shown as being released 
from an electro-magnetic pair of tweezers, but in some later 
experiments an ingenious glass tube was employed. The 
insect, in making his way out of the tube, lifted up a tiny 
mica flap which automatically closed the electrical circuit 
operating the camera. Previous to this M. Bull made some 
very interesting film records of athletes at the Olympic 
Games in Paris in 1900, using Marey’s latest-type camera. 

Turning now to another early pioneer we come to Birt 
Acres, whose training as an artist and photographer 
naturally turned his attention to the problem of taking 
sequences of pictures depicting movement. His earliest 
attempts in 1893 involved the use of lantern slides which 
were projected in rapid succession through a_ biunial 
lantern. Not long after he devised a film machine which he 
called a Kineopticon or Kinetic Lantern (British Patent No. 
10474 of May 27, 1895). The earliest films taken with this 
machine included the Oxford and Cambridge Boat Race, 
the Derby and the opening of the Kiel Canal. A short 
length of the original negative of the latter, taken in 1895 
on 35 mm. film, was presented to the National Collections 
by S. Birt Acres a few years ago and some frames from it 
are illustrated in Fig. 3. Another film of about this date, 
showing a rough sea at the Admiralty Pier. Dover, is 
depicted in Fig. 4. These films were made at an average 
rate of thirty to forty frames per second. 

Many other interesting films were made by Acres during 
1896-7, either alone or in association with Robert Paul. 
Much has been said about the history of this association, 
the details of which are still obscure, but it is outside the 
scope of this note to inquire further. 

Another pioneer, around whom controversy has raged, is 
William Friese-Greene. Although it is tempting to argue 


the merits of the case, it is again the purpose of these 
remarks to confine attention to the recording of relatively 
unknown early films. In this instance the author is able to 
reproduce what are believed to be two of Friese-Greene’s 
earliest attempts at making stereoscopic records on cellu- 
loid film. The well-known stereo-picture, taken at Hyde 
Park Corner, showing a relative with his young son, has 
often been illustrated. That Friese-Greene took more than 
one stereo-ciné picture at Hyde Park Corner in 1888-9, can, 
however, be proved by reference to Figs. 5 and 6, which 
depict some delightful costumes of the time. It is of 
interest to record that the pieces of negative film from 
which they are taken were handed to the author by the late 
Mr Arthur S. Newman to whom, they were given by W. 
Friese-Greene with the remark, “Here are some of the first 
films for you”. Mr Newman remembered seeing Friese- 
Greene demonstrate a machine to him in a back-room one 
night before 1889 (probably late 1888) and that the films 
were brought to him not long afterwards. So far as is known 
they have not been reproduced before. The strips are of 
unperforated negative film with a frame size of approxi- 
mately 3 sq. in. and an overall width of 7 in. There is no 
doubt that they represent very early experiments since they 
clearly show not only large differences in spacing between 
pictures, but a considerable time interval between them. In 
one strip the frames are separated by about 2} in. of film, 
in the other the separation is 3 in. to { in. 

It is hoped later to have the opportunity of reproducing 
some other early films, and of providing notes of the cir- 
cumstances under which they were made and acquired. In 
the meantime the preservation of early films is an urgent 
necessity if they are not to become lost through deteriora- 
tion or being thrown on one side as of no value. 

(According to the best knowledge of the present Author 
and the Editor photographs No. 1, 3, 5, 6, and the films of 
the Paris Olympic Games, are here published for the first 
time. 


All illustrations by courtesy of the Science Museum, from their collection of official 
negatives. 


TWENTY-FIVE YEARS AGO 


The Bronze Age in Britain 


In our issue of October 1933 the following article was 
printed: 

“Several discoveries during the past month have thrown 
important new light on the Bronze Age in Britain. The 
most noteworthy comes from Shetland, where Mr A. O. 
Curle has just completed his third season’s work on a pre- 
historic settlement. Here the earliest settlement dated from 
the Bronze Age; and a circular building was found to have 
served as a factory for the settlement. In one of five 
chambers were found over forty rude stone implements of 
the type peculiar.to Shetland, and round a centrally situated 
hearth were fragments of clay moulds for making bronze 
swords. As these had not been used, this was evidently a 
sword factory. In the next phase of occupation, still Bronze 
Age but with Early Iron Age influence beginning to appear 
in the pottery, the metal-making industry evidently con- 
tinued, for moulds for both swords and axes were found. 
In the last phase of occupation, iron slag indicated that the 
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transition to the Iron Age had been fully made. The 
evidence pointing to a relatively high development of 
culture and no mean standard of comfort for the period in 
this remote district is remarkable. 

“Another settlement, but of indeterminate date, has been 
exposed in the Orkneys on Papa Westray, where two large 
stone buildings of an entirely new type have been excavated. 
In some respects they recall the now famous settlement of 
Skara Brae, excavated by Prof. Gordon Childe. The two 
buildings are connected by a passage and both have door- 
ways leading into a courtyard or street. This, however, has 
disappeared owing to the encroachment of the sea. 

“One of the buildings is well preserved, its walls still 
standing to a height of 6 ft. The second building has 
unfortunately collapsed, but it has been possible to make 
out its plan. Much of the site still has to be examined, so 
there should be a chance of learning more of this interesting 
settlement.” 
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“TEST-TUBE” ANIMALS 


The Culture and Transfer of 
Early Mammalian Embryos 


Dr J. D. BIGGERS and Dr ANNE McLAREN 


Royal Veterinary College, (University of London) 


Men have been interested for many centuries in the way in 
which new individuals arise, grow, and develop into adult 
forms. We now know that in the majority of animals a new 
individual can only arise when a spermatozoon produced in 
the testes of the male fuses with an ovum produced in the 
ovary of the female. It is by this process that the heredi- 
tary material contributed by each parent is passed on to 
the offspring. In many animals the spermatozoon and 
ovum meet within the reproductive organs of the female, 
and the new individual undergoes the first part of develop- 
ment within its mother; such animals are said to be vivi- 
parous. Viviparity occurs in all mammals (milk-secreting 
and fur-bearing animals) with the exception of the mono- 
tremes like the duck-billed platypus. During the period of 
prenatal life a very intricate and delicately balanced 
relationship develops between the mother and her young; 
the balance is easily destroyed and when this happens it 
leads frequently to the death of the offspring. Thus when 
we wish to manipulate or experimentally interfere with 
mammalian young during their embryonic life a great 
many difficulties arise. In this article we will describe some 
of the recent advances in this field, but before doing so 
it is necessary to review briefly the early phases of 
mammalian development. 


THE DEVELOPMENT OF A MAMMAL 

The early development of a mammal is shown diagram- 
matically in Fig. 1. A mature ovum is shed from the ovary 
into the upper end of the fallopian tube or oviduct. This 
ovum begins to pass down the fallopian tube towards the 
uterus, and if mating has taken place it soon comes into 
contact with spermatozoa which have travelled all the way 
up the female genital tract. Fusion of the ovum with one 
spermatozoon then occurs giving rise to the new individual, 
called at this stage a zygote. After a while the zygote 
divides forming a 2-celled embryo. Further divisions lead 
successively to the development of 4-, 8-, 16-celled embryos. 
At the 32-celled stage it becomes very difficult to distin- 
guish the individual cells and we call the embryo a morula. 
The cells of the embryo continue to divide, but now other 
changes occur. Fluid begins to accumulate between the 
cells, and this results in the formation of a blastocyst. This 
stage is shown in Fig. 2. The cells of the embryo surround 
the fluid which has accumulated in its central cavity—the 
blastocoele. At one side there is an aggregate of cells 
called the inner cell mass, which will develop into the body 
of the organism. The surrounding cells collectively form 
the trophoblast. 

While these developmental processes are taking place the 
embryo is passing down the fallopian tube. At the lower 
end of the fallopian tube the embryo is at the morula stage. 
Around the time it enters the uterus the embryo becomes a 
blastocyst, which subsequently becomes apposed and fixed 





(Above) Dr J. D. Biggers, Senior Lecturer in Physiology 
at the Royal Veterinary College, is working on problems 
concerning the action of hormones and tissue culture. 


(Below) Dr Anne McLaren (on a grant from the Agri- 
cultural Research Council) is working on problems 
concerning the genetics and reproductive physiology of 
mice. (Daily Mail photograph) 
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FIG. |. Diagram of the upper part of the reproductive 
system of a female mammal, illustrating the early develop- 
ment of the embryo. 


to a small part of the uterine wall by sieans of the tropho- 
blast. The joint reaction and development of the uterine 
mucosa and trophoblast is called implantation, and leads 
to the development of the placenta through which the 
embryo exchanges nutrients and excretory products with 
its mother. From this stage on the embryo, or foetus as it 
now becomes, is fixed within the uterus and may not move 
from this site until it is born. 


THE TWO STAGES OF PREGNANCY 


From this brief description of the way in which preg- 
nancy is established we can see that the intra-uterine life 
of an individual consist of two phases: the first starts with 
fertilisation and ends with the apposition of the blastocyst 
to the uterine wall, and the second begins when the indivi- 
dual becomes intimately attached to its mother via the 
placenta and ends at birth. There is a very important 
difference between these two phases. The individual is 
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small in the first or “free-living” phase, and does not start 
to develop the specialised sets of cells, and their products, 
called organs; whereas from the beginning of the second or 
“fixed” phase, organ formation commences, and this is 
accompanied by a rapid increase in the size of the foetus. 
Throughout the “free-living” stage the embryo is suffi- 
ciently small for the uptake of nutrients and the elimina- 
tion of waste products to take place from all its constituent 
cells by direct exchange with the local environment—in 
this period the secretions of the fallopian tube and the 
uterus. In the second phase, however, the foetus grows to 
such an extent that the majority of its cells come to lie 
too far away from its surface to make direct exchanges with 
the local environment. Instead a system develops within 
the embryo which is primarily concerned with the exchange 
of nutrients and excretory products between all its cells and 
its mother. This system is the foetal blood, heart, and 
circulation. The mother’s own capabilities become suffi- 
ciently great during pregnancy to deal with the extra 
metabolic activity of the growing embryo. 

It should be obvious at once that the experimental 
manipulation of the mammalian embryo during the “free- 
living” stage is likely to be far easier than during the 
“fixed” phase. Many experiments have now been per- 
formed with early mammalian embryos and will be 
described more fully below. Only one or two experiments 
during the later stages have been done. In these, attempts 
have been made to pump blood artificially through the 
circulation of a foetus kept under rigidly sterile conditions. 
Some small success has been achieved, but the complicated 
apparatus required for this work, and its high cost, have 
prevented much progress in this field. 


EXPERIMENTAL TRANSFER OF EMBRYOS 


One of the first questions to answer is whether early 
embryos can be transferred from the genital tract of a 
mother to that of a foster-mother. This was shown to be 
possible nearly seventy years ago by Prof. Walter Heape. 
In a classical paper he wrote: 


“On the 27th April, 1890, two ova were obtained from 
an Angora doe rabbit which had been fertilised by an 
Angora buck thirty-two hours previously. . .. These ova 
were immediately transferred into the upper end of the 
fallopian tube of a Belgian hare doe rabbit which had 
been fertilised three hours before by a buck of the same 
breed as herself. . . . 

“In due course this Belgian hare doe gave birth to six 
young—four of these resembled herself and her mate, 
while two of them were undoubted Angoras.” 


Heape’s work has now been repeated by many biologists 
on a variety of species—rabbits, rats, mice, cows, goats, 
sheep, and pigs. The technical details of this work are 
complex owing to differences between individual species 
in the details of their development and their physiology 
of reproduction. We will not discuss these problems, but 
must stress that one of the most important require- 
ments which must be fulfilled in order to ensure the 
successful transfer of embryos is that the sexual cycles of 
the mother (donor) and uterine foster-mother (recipient) 
should be approximately synchronous. During the normal 
establishment of pregnancy the uterus undergoes important 
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changes as the early embryo completes its journey down 
the fallopian tube. These changes are essential if the 
blastocyst is to become attached to the uterine wall. Thus 
early embryos will perish if they are transferred to a 
recipient in which these preparative uterine changes have 
not occurred. From the work of R. L. W. Averill and 
L. E. A. Rowson on sheep, for example, it is now known 
that nearly all embryos will die if inserted into the 
uterus of the recipient at very early, namely 2- and 4-celled, 
stages; but if they are placed in the fallopian tube they will 
continue their normal development. Eight- and 16-celled 
embryos, however, are able to develop into blastocysts 
within the uterus and subsequently become attached to the 
uterine wall. 

The fields of inquiry opened up by Heape’s original 
experiment are enormous, and include fundamental investi- 
gations in genetics, embryology, reproductive physiology, 
immunology, and cancer research; there are also practical 


applications in animal husbandry. We can only give in-. 


stances from a few of these fields. For example, transferred 
embryos have no genetic relation with their foster-mother, 
and thus by comparing native and transferred embryos of 
the same litter we are able to distinguish between those 
effects on development which are due to maternal factors 
transmitted through the egg cytoplasm from those which 
may be attributed to the uterine environment. The tech- 
nique, in addition, allows us to create litters where, within 
limits, the native and transferred embryos are of different 
ages. In Heape’s experiment they differed in age by over 
one day. One may inquire whether at birth the native 
embryos are born prematurely or the transferred ones are 
born belatedly. Investigations of this problem may help 
solve the age-old riddle of the factors which cause birth 
to occur; even’ today no physiologist or obstetrician can 
give a consistent account of this highly important occur- 
rence. In the practical field of animal husbandry the 
technique is of interest in problems of breed improvement 
either through spreading widely the effects of outstanding 
females in a way analogous to that already accomplished 
for the male by artificial insemination, or by enabling us 
to reduce the time between generations and so speed up 
selection programmes. Soon after an animal is born it can 
be induced by hormone treatment to shed large numbers of 
eggs, many more than normal, from its ovaries; but because 
of the immaturity of the mother such eggs cannot develop 
into live young unless they are transferred to foster-mothers. 
It has been estimated that a three-months-old heifer con- 
tains 75,000 to 297,000 oocytes, all of which are potential 
mature ova; yet in modern farming methods an average of 
only four calves are born during a cow’s lifetime, and at 
the most twenty. 


STORAGE OF EMBRYOS 


An obvious adjunct to the technique of embryo transfer 
would be the storage of embryos after removal from the 
donor. If this could be done reliably it would not be neces- 
sary to find recipients whose sexual cycles were synchronous 
with that of the donor. It would also allow the transport of 
embryos over long distances. A considerable amount of 
work has been done on this problem, but with only partial 
success. Greatest success has been obtained with early 
rabbit embryos which are notorious for their robustness. For 
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FIG. 2. Cross-section of a mammalian blastocyst. 


example, they may survive twenty-four to forty-eight hours 
when kept in serum in a test tube at room temperature. 
Recent work with sheep embryos has shown they can be 
stored successfully at reduced temperatures for three days. 
Perhaps the most spectacular demonstration of the possi- 
bilities of storage is the work of M. C. Chang and W. G. R. 
Marden. Two-celled rabbit embryos of the white Califor- 
nian breed were obtained from donors at the Worcester 
Foundation for Experimental Biology, Shrewsbury, Massa- 
chusetts, U.S.A., and placed in serum in small glass con- 
tainers. The temperature was then lowered to +10°C. The 
containers were packed in thermos flasks and despatched by 
a commercial airline to London, and thence to the School 
of Agriculture, Cambridge, England, where the embryos 
were transferred to black recipient rabbits. In due course 
normal rabbits of the Californian strain were born. The 
interval between removal from the donor and transfer to 
the recipient was about thirty hours. 

Another method of storage is to transfer early embryos 
of one species to recipients of another. Thus sheep 
embryos will continue to divide and form blastocysts when 
transferred into prepared rabbits. On putting these blasto- 
cysts back into a recipient sheep further development 
occurs, although as far as we know the birth of sheep 
having this early history has not taken place. The technique 
has proved useful for testing the viability of embryos of 
large farm animals after they have been subjected to various 
treatments without having to use expensive recipients of 
the same species. A few attempts have also been made to 
deep-freeze embryos, using techniques which have proved 
successful for the preservation of other tissues and cells— 
for example, spermatozoa—but these have resulted in 
failure. 


CULTIVATION OF EMBRYOS 


A closely related question is whether early embryos can 
be removed from the donor and kept in a test tube under 
artificial conditions which allow normal development to 
proceed. Studies in this field began about thirty years ago. 
The rabbit embryo seems to be easily cultivated even from 
the 2-cell stage onwards and development proceeds to the 
blastocyst stage. An important advance in the cultivation 
of early embryos has recently been made by W. K. Whitten, 
working at the Australian National University, Canberra. 
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He found that 8- to 16-celled mouse embryos will develop 
in two days into blastocysts in a totally synthetic medium 
when incubated at 37°C. The medium was made up from 
a solution of inorganic salts, sodium chloride, potassium 
chloride, calcium chloride, potassium dihydrogen phos- 
phate, magnesium sulphate, and sodium bicarbonate, to 
which was added glucose and a highly purified protein— 
bovine plasma albumin. The medium was adjusted to a 
PH between 6°9 and 7-6 and it was found necessary to 
control the pH by placing a gas phase rich in carbon 
dioxide above it. C. E. Adams, working in Cambridge, found 
that the more robust rabbit embryo would develop into a 
blastocyst in a similar salt solution which contained albumin 
but no glucose and without any supply of carbon dioxide. 


TRANSFER OF CULTIVATED EMBRYOS 


It is of considerable interest to experimental embryo- 
logists to know whether embryos which have been culti- 
vated for part of their life in a synthetic medium in a 
test tube are capable of normal development. Adams trans- 
ferred to a suitable foster-mother seven rabbit blastocysts 
which had developed from 16-celled embryos in his syntheuc 
medium, Seven days later he killed the foster-mother, and 
found the seven embryos developing normally in her uterus. 

In our own recent work we have carried the experiment 
to its logical conclusion and allowed cultivated foetuses to 
develop to term and be born. We cultivated 8- to 16-celled 
albino mouse embryos in Whitten’s synthetic medium 
and obtained blastocysts. These were transferred to a 
foster-mother whose native offspring have dark eyes. It is 
essential to have some way of distinguishing the native 
from transferred foetuses towards the end of pregnancy 
and at birth; the colour of the eyes is a good visual dis- 
tinguishing mark and at the same time can be controlled 
by genetic means. In Fig. 3 one can see a litter obtained 
from one of the foster-mothers on the sixteenth day of 
pregnancy (in the mouse, pregnancy lasts nineteen to twenty 
days). The litter contains six native foetuses with dark eyes 
and two transferred, and hence cultivated, foetuses with 
pink eyes which appear colourless in the photograph. We 
have produced a total of nineteen cultured offspring in this 
way and all appeared completely normal. Two of the 
foetuses which were cultured in the synthetic medium were 
successfully delivered from a uterine foster-mother by 





FIG. 3. 





FIG. 4. 


Caesarian section. A second foster-mother, which was 
lactating, adopted these two mice who have had such an 
unusual prenatal history. These two mice are shown in 
Fig. 4 at one week of age, and again when four weeks old, 
on the cover of this issue. 


“BRAVE NEW WORLD’’ 


It is inevitable that the thoughts of anyone who has 
worked on the subjects outlined in this article should turn 
to Aldous Huxley’s fantasy “Brave New World”, where he 
describes completely artificial fertilisation and develop- 
ment of human embryos. Fortunately we are far removed 
from this frightening prospect. The study of the cultivation 
and transfer of embryos is none the less of the greatest 
interest, both from the point of view of pure science, and 
because the techniques associated with it are potentially of 
immense value in the investigation of many biological 
problems in medicine and agriculture. 
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Titanium is one of the first major structural metals to be 
developed since theoretical metallurgy has been recognised 
as a science distinct from physical chemistry. As such, it 
might appear to provide an ideal opportunity for making 
use of recent theoretical developments in the task of dis- 
covering useful alloys, but this is not quite the case for 
several reasons. One is that metals are very complex 
substances and theory has not developed far enough to 
cover all their many aspects; another is that the mechanical 
properties on which the usefulness of an alloy depends are 
the results of a large number of different and possibly 
interrelated phenomena; and a third, that titanium itself is 
one of a group of more than usually complicated metals 
which have received little direct theoretical study and to 
which many of the ideas developed for simpler metals do 
not apply. 


THE NATURE OF THE THEORY OF METALS 


The electron theory of metals may be summed up as an 
attempt to describe in mathematical terms the behaviour 
of the electrons in the outermost of the electron shells 
surrounding the atomic nucleus (that is, those taking part 
in inter-atomic bonding processes) when a number of metal 
atoms are brought closely together in a regular crystalline 
arrangement, and thus to deduce from first principles the 
more fundamental properties of the resultant metal crystal. 
Metals differ from other crystalline solids in that the outer 
shells of their atoms contain insufficient electrons to permit 
the formation, on being brought close together, of closed 
shells associated with particular pairs or groups of atoms, 
either by simple sharing of electrons between nearest 


neighbours, as in covalent bonding, or by electron transfer, 
as in ionic crystals. When a metal crystal is formed, in fact, 
the bonding electrons cease to be restricted to prescribed 
orbits, and can move through the metal. Thus, very 
crudely, a metal can be envisaged as an array of positively 
charged ions situated at the points of a crystal lattice sur- 
rounded by a gas of freely moving negatively charged 
electrons. This picture is oversimplified, however, because 
electrons are not in fact as free as the molecules of a real 
gas, subject only to random kinetic motion, but are 
governed by fundamental quantum mechanical restrictions 
on the distrioution of energy among them as well as by 
laws imposed by the regular periodic field of force in which 
they move. 

In principle, any property which is directly dependent 
on the nature of the potential field between neighbouring 
atoms or on the spatial distribution or energy of the elec- 
trons can be arrived at from purely theoretical considera- 
tions. Properties in the first category include the binding 
energy holding the atoms in the lattice and the elastic 
modulus of the metal crystal, which depend, respectively, 
on the depth of the potential well in which the atom is 
situated and on the extent to which the relative motion of 
adjacent atoms is opposed by the potential field between 
them. More directly electron-dependent properties are 
those of magneto-electric character. 

Though theoretically calculable, the problems involved 
in determining properties of this kind from first principles 
are not such as can necessarily or readily be solved. Each 
electron is influenced not only by the potential field created 
by the ions at the lattice points, but also by the fields due 


‘ 


a7 













OCTOBER 1958 DISCOVERY 


to all the other valency electrons. Sufficient success has 
been achieved in calculating certain properties of the 
simpler metals such as sodium and copper, both of which 
have only one valency electron per atom, to leave little 
doubt as to the general validity of the method of approach, 
but it has so far yielded little quantitative result for metals 
of higher valency. 


THE THEORY OF ALLOYS 


In some ways it is even more difficult to start from first 
principles for alloys than for pure metals, since the 
periodicity of the potential field is disturbed when some 
ions in the crystal lattice are replaced by those of another 
element, and furthermore, unless the valencies of the 
alloyed metals are the same, the number of free electrons 
in the metal crystal will change. Effects of perturbations 
of the potential field are receiving close theoretical study 
at the present time. Certain aspects of the second problem, 
however—notably those dealing with changes in crystal 
structure brought about by alloying, which have important 
practical consequences affecting the mechanical properties 
of the material—have received more complete theoretical 
treatment, and it has been found possible to interpret a 
fairly large body of experimental information in terms of 
changes in the number of electrons per atom in the 
structure. 

The picture which has emerged from this work is roughly 
as follows. In a metal crystal the valency electrons, freed 
from association with specific atoms, cease to have the 
clearly defined orbital and energy characteristics which 
they possess when the atoms exist as separate entities, as in 
the vapour state. Instead, the possible energy levels avail- 
able to the electrons are spread out into a band (or series 
of overlapping bands if electrons of more than one 
secondary quantum number are involved) which is normally 
represented by a curve obtained by plotting N, the number 
of electrons having energies lying between E and (E+ 5B), 
against E, as for example in Fig. 2. The Pauli exclusion 
principle is still obeyed, however, even though the precise 
quantum characteristics of the electrons in the free atom 
have been lost, and the total number of electrons which can 
be included within a given range of energy levels is, there- 
fore, fixed. Thus addition of electrons to the structure must 
move the upper limit of electron energies to higher energy 
levels. 

It can be shown, moreover, that the symmetry of the 
crystal lattice imposes directional limitations on electron 
energies. The mathematical concepts used to describe the 
energy characteristics of an electron have demonstrated 
that electrons can be regarded as waves rather than par- 
ticles, and it follows that on moving through a crystallo- 
graphic array of metal atoms the electrons will undergo 
processes equivalent to the diffraction of an x-ray beam by 
a crystal lattice. Just as an X-ray beam of appropriate 
wavelength is reflected by any plane of atoms if it 
approaches at a certain incident angle specific to the plane 
and to the wavelength in question, so electrons of a given 
energy will be unable to travel in certain fixed directions 
with respect to the crystal lattice. The energy levels at 
which prohibition occurs are, of course, dependent on the 
lattice in which the electron is moving, and can most con- 
veniently be represented graphically on a three-dimensional 
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FIG. 2. Hypothetical curve representing the distribution of 

energy states available to the valency electrons in a metal. 

The shaded area indicates the range of energy states which 
might be expected to be occupied. 
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FIG. 3. The shape of the first Brillouin Zone for a face- 
centred cubic crystal. The enclosed spherical shape 
represents the Fermi surface. 


set of axes, corresponding to the principal axes in the 
crystal, in which the distance from the origin in any direc- 
tion represents the momentum of an electron moving in 
that direction. 

Calculations analogous to those of x-ray crystallography 
show that the loci of forbidden momenta about the origin 
form a series of symmetrical geometric figures, known as 
Brillouin Zones, the shape of which depends on the sym- 
metry of the metal lattice. One such zone is illustrated in 
Fig. 3. 

If the total number of valency electrons in the structure 
is small (about one per atom) the occupied part of the 
energy band is limited to a region of low energies, as indi- 
cated by the shaded area in Fig. 2, and none of the electrons 
has momentum enough to reach the lowest forbidden 
energy level. In this case the momentum states of all the 



































FIG. 4. The first 4200 Ib. titanium ingot ever to be melted 
in Europe. The operator is stamping the ingot with 
identification marks. 


(By courtesy, ICI Ltd, Metals Division) 


electrons can be included in a sphere—known as the Fermi 
sphere—drawn about the origin of the momentum figure 
within the space defined by the first Brillouin Zone. 

If, however, the number of electrons is increased by the 
addition of alloying elements of higher valency, some 
electrons must occupy higher energy levels and thus increase 
in momentum. The surface of the Fermi sphere—or more 
briefly, the Fermi surface—will, therefore, move outwards 
towards the first Brillouin Zone. 

When sufficient electrons have been added to the metal 
structure the Fermi surface will impinge on the nearest 
faces of the Brillouin Zone, and it can then no longer con- 
tinue to expand uniformly as more electrons are added 
because, in the directions of the points of contact, increase 
in electron energies is checked. The severe distortion of 
the Fermi surface which results from interaction with a 
Brillouin Zone means that major restrictions are placed on 
the movements of electrons within the metal crystal, and 
usually brings about a sharp increase in its free energy. 

Since the crystal structure adopted by the metal or alloy 
must be the one of lowest free energy, the rise in free 
energy occurring at a Brillouin Zone overlap tends to cause 
a change in crystal structure, the original lattice being 
replaced by one capable of accommodating a greater 
number of electrons per atom before overlap with the first 
Brillouin Zone occurs. Thus by considering the process of 
alloying in terms of changes brought about in the electron/ 
atom ratio, it is possible in some cases to predict what the 
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solubility of the alloying element in the parent metal will 
be, and what phases will be formed when that solubility is 
exceeded—factors which can be very important in the 
development of alloys with useful properties. 

Other factors are involved, however, such as the relative 
sizes of the atoms of the parent metal and alloying element, 
and their chemical nature. It was Hume-Rothery who first 
pointed out the importance of valency, atomic size, and 
electrochemical characteristics in governing alloying 
behaviour. Hume-Rothery’s Rules, as the summarised 
results of his investigations in this field are usually called, 
have become the modern metallurgist’s guide to alloying— 
the most ready means by which he can apply the outcome 
of the theoretical work on metals to practical problems. 





THEORY IN ALLOY DEVELOPMENT 


In spite of the theoretical advances outlined, which were 
made 20 or 30 years ago, alloy development is still far 
from being a matter of prediction from established prin- 
ciples. There remain a number of as yet unbridged gaps 
between understanding the effects of the electronic pro- 
cesses involved in alloying and controlling the mechanical 
properties of the alloys, which are, of course, of first im- 
portance in materials designed for engineering purposes. 
Bridges are gradually being provided by deformation 
theory, which is principally concerned with the movement 
of imperfections through the crystal lattice under the 
influence of applied stresses. Movement of these imperfec- 
tions, known as dislocations, makes plastic deformation 
possible and governs the strength and ductility of materials. 

Purely geometric considerations are, of course, a major 
factor influencing such movements, and control of crystal 
structure which may be made possible by the theory of 
alloys is one direct way of proceeding from theory to 
mechanical properties. Another way is via the elastic 
properties of the material, which also have a powerful 
influence on dislocation movements and can be interpreted 
in theoretical terms. There are, however, a number of other 
factors to be taken into consideration such as the effects of 
very small quantities of impurities, and of crystal size and 
shape, which may be of overriding importance in an 
engineering material. Examples of the wide range of 
different crystal arrangements which can exist in alloys 
containing more than one phase may be seen, for instance, 
in Fig. 5 which illustrates two of the patterns formed in 
two-phase titanium alloys. The effect of alloy structure on 
dislocation movements is a subject likely to provide one of 
the most useful links between theory and practice in 
metallurgy. 

As the subject develops, the importance of dislocation 
theory in metals is becoming more and more apparent. In 
addition to their direct responsibility for plastic deforma- 
tion, dislocations have also been shown to play a large 
part in determining the form of the crystal arrangement 
adopted by the metal or alloy, by providing sites at which 
the nucleation of a new crystal within an existing one can 
take place more readily than it could in a perfect lattice. 
A striking example of this can be seen in Fig. 7. The 
structure is that of a titanium alloy in which small par- 
ticles of a new phase have begun to grow on cooling. The 
regular arrangement of the precipitating platelets can be 
attributed to the presence in the annealed metal of a lattice- 
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like network of dislocations, each of which has provided 
a nucleation site for the new phase. 

With so many interlinked factors playing a part in deter- 
mining mechanical properties, there is no simple method 
of assessing their relative importance, and until all the 
separate problems can be tackled by rigorous theoretical 
means the most satisfactory method of alloy development 
will consist of making the utmost use of the general 
guidance provided by theory and supplementing it with a 
series of rationally planned experiments. 


TITANIUM 


For titanium it is even more difficult to make direct use 
of theory in alloy development work because one very 
important fact is missing: we do not know for certain how 
many valency electrons we have to deal with. Titanium, 
the position of which among the metals of the Periodic 
Table is demonstrated in Fig. 1, is a transition element, 
and in the free state its atoms have a partly empty 3d 
electron shell lying very close in energy level to the outer- 
most 4s shell. Each of these shells contains two electrons. 
When the atoms are brought close together on forming a 
crystal of the solid metal the electrons in both shells are 
influenced by interaction with those of neighbouring atoms, 
but it is not certain whether or not both the 3d as well as 
the two 4s electrons take part in the interatomic bonding 
process, and we do not know, therefore, how many to 
regard as valency electrons. Thus for titanium, any deduc- 
tions made on the basis of alloy theory must have a large 
element of doubt in them. In spite of such difficulties, 
however, use of the gradually developing understanding of 
the principles underlying metallic behaviour can lead to 
much more efficient alloy development than the alternative 
method, which consists of adding arbitrary quantities of 
any available addition element to the base metal and 
measuring the properties of the alloys obtained. 

In developing titanium alloys to meet specific engineer- 
ing requirements the background provided by the theoretical 
approach to the properties of metals has been called upon 
in several different ways. The starting point for most of 
the work has been a survey of the constitutional diagrams 
of the binary alloy systems of titanium with other metals, 
the results of which have been considered in terms of the 
valency, atomic size and position in the electrochemical 
series of the addition element. Points of particular interest 
in such a survey are whether the added element stabilises 
the high-temperature body-centred-cubic form of titanium 
at the expense of the low-temperature hexagonal-close- 
packed form or vice versa, the maximum solubility of the 
alloying element in either phase, the effect of the solute on 
the lattice parameters of the two crystal forms of titanium 
and the tendency to form compounds. 

In order to gain the maximum help from alloy theory 
attempts have been made by several workers to explain 
specific observations made in the course of constitutional 
studies in terms of the Brillouin Zone theory. By thus 
allotting a specific electron/atom ratio to an alloy com- 
position and assuming a definite value for the valency of the 
addition element, the valency to be attributed to titanium 
has been calculated. Disagreements between the values 
obtained suggest either that it was wrong to assume that 
Brillouin Zone overlaps were the major factor responsible 








FIG. 5. Two of the many different kinds of two-phase 
structures which occur in titanium alloys (a) X500, 
(b) x 100. 


for the effects studied, or that the valency of titanium can 
vary depending on the element with which it is alloyed and 
the concentration of the alloy. Similarly inconclusive 
results have been obtained for the alloys of other transition 
metals. 

Although set-backs of this kind have been encountered 
in the scientific approach to titanium alloying, constitu- 
tional studies have revealed a certain pattern of titanium 
alloy behaviour which is clearly related to the electronic 
nature of the addition elements, and now that the patteri: 
has been established by experimental work it is possible 
to make fairly reliable interpolations which give informa- 
tion on the few remaining unexplored binary systems and, 
what is more important, on the many ternary and more 
complex systems among which useful alloys are likely to 
be found. Since the number of possible ternary systems is 
very large, such a means of selecting those most likely to 
be worth practical investigation is of very great value. 


SOME TITANIUM ALLOY PROBLEMS 


Certain engineering problems can only be solved by heat- 
treatable titanium alloys, that is alloys which can be con- 
verted from a soft and ductile condition to a hard and 











FIG. 6. Fully assembled electric arc furnace for melting 
titanium ingots up to 4200 Ib. in weight. During melting 
the door of the cubicle is closed. 
(By courtesy, ICl Ltd, Metals Division) 


strong condition by means of a heating process. Such 
alloys are of particular importance when complicated 
Shapes are required in high strength materials, for the 
obvious reason that it is easier to make a complex part 
when the metal is soft and to harden it afterwards than it 
is to work with a material that has the full strength required 
from the start. The process on which heat-treatment 
depends is usually the replacement of a single crystal struc- 
ture through which dislocations move easily by a complex 
of two or more structures which provide blocks to disloca- 
tion movements and make plastic deformation much more 
difficult. The designer of such an alloy mustc hoose not 
only initial and final structures which will give him the 
properties he requires but also a reaction which will take 
place in a practicable time at a convenient temperature. 
The best procedure in such a case is probably to list first 
all the reactions which could bring about the required 
change, and to choose on the basis of experimental evidence 
the one with the most appropriate reaction kinetics. Selec- 
tion from among the alloy systems in which this particular 
reaction occurs (the one most likely to yield alloys having 
the required mechanical properties) is the next stage. It is 
here that theory, or more accurately the empirical pattern 
of observed alloy behaviour interpreted in terms of general 
theoretical principles, can be of considerable assistance. 
Again, however, it is a question of reducing the numbers to 
be tested rather than predicting directly which will be most 
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suitable. In a similar way, guidance can be obtained in the 
choice of further addition elements should these be required 
to modify the kinetics of the reaction or improve the 
deformability of the material. An approach of this kind to 
the problem of heat-treatable titanium alloys has already 
proved its usefulness in practice. Some of the small speci- 
mens used to test the mechanical properties of the selected 
alloys can be seen in Fig. 8. 

Other problems encountered in titanium alloy develop- 
ment are concerned with the effects of impurities, such as 
hydrogen, oxygen, and nitrogen, which can have a very 
important influence on the properties of titanium-base 
materials. Their effects may be complex. For one thing, 
all these elements enter titanium interstitially, that is, their 
atoms do not replace titanium atoms on the crystal lattice 
but occupy the spaces between them. Assuming, therefore, 
that the impurities ionise wholly or partially on entering 
the metal, as they almost certainly do, the total number of 
valency electrons in the structure will be increased, and the 
position of the Fermi surface will be changed. Another 
result of the presence of interstitial atoms will be the dis- 
tortion of the crystal lattice due to the preferential occupa- 
tion of certain types of interstitial spaces, and this will have 
a corresponding effect on the shape of the Brillouin Zone. 

Effects such as these will influence both the constitution 
of the alloys and their deformation behaviour. Even more 
direct effects of interstitial impurities on the deformability 
of titanium alloys arise from the obstruction caused to 
dislocation movements by impurity atoms distributed at 
random throughout the structure, or alternatively from 
impurity atoms which diffuse preferentially to the distorted 
regions of the crystal lattice surrounding the dislocations 
and thus increase the applied force necessary to initiate 
dislocation movements. It is obvious, therefore, that the 
precise role of impurities in titanium alloys can only be 
understood in the light of the more recent theoretical con- 
cepts, and that understanding is essential if impurity effects 
are to be kept under full control. Hydrogen in titanium is 
an example of a problem of this kind on which much 
fundamental thinking has been expended. 


FUTURE OUTLOOK 


The points discussed above illustrate the kind of help in 
the solution of practical problems which the theory of 
metals and alloys might give, and demonstrate, perhaps 
even more strikingly, the present limitations to the 
theoretical approach. It sometimes seems to metallurgists 
working in the alloy field that all we need to know about 
practical alloys will have been determined by experiment 
long before theory reaches the stage at which it can predict 
specifically and accurately. But theory and experiment go 
hand in hand, and it is very probable that as more reliable 
experimental results become available they will inspire new 
activity on the theoretical front and the pace of the 
theoretical advance may increase appreciably. The metal- 
lurgist, faced with more than 60 metallic elements from 
which he may produce binary, ternary, and even more com- 
plex combinations, will welcome and use every additional 
means of rationalising his choice and reducing his labours. 
The fact remains, however, that the useful properties of an 
engineering material depend on so complex a set of inter- 
linked factors that it is doubtful whether they will ever be 
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susceptible to completely theoretical treatment. It is very 
probable, therefore, that alloy development will continue to 
take place in the laboratory rather than the office for a very 
long time to come. 


TITANIUM IN MODERN TECHNOLOGY 


As an engineering material titanium has two great 
virtues. It can combine strength with lightness and it has 
outstanding corrosion-resistance. 

Responsibility for the commercial development of 
titanium lies essentially with the aircraft designers whose 
need to increase operating temperatures as jet engines 
developed, while saving every possible ounce of weight, 
made them welcome a material having a density of only 
about half that of steel and a melting-point 1000°C above 
that of aluminium. Quite a large number of applications in 
which titanium can be used successfully have been found 
in present-day aircraft (compressor blades and discs, and 
engine cowlings, for example), but major replacements of 
high-temperature steels and nickel alloys by titanium have 
been restricted by the fact that the strength of titanium- 
base materials falls off fairly quickly as the temperature is 
increased, and the limit of usefulness of titanium alloys 
lies somewhere in the region of 500°C. 

It is possible that the temperature limit for titanium 
could be raised by further research, but available know- 
ledge of the subject suggests that the task would be a very 
difficult one. Current alloy work is directed more towards 
applications in the cooler parts of the aircraft, such as the 
development of sheet alloys for skins and high-strength 
materials suitable for air-frame forgings, landing gear, 
and tubing for hydraulic systems—fields in which the 
chances of a successful outcome appear to be good. 

At the present time the future of titanium in the aircraft 
industry cannot be pictured clearly. Military aircraft, in 
which the weight-saving potentialities of titanium are 
especially at a premium, are subject to political decisions, 
and in turning attention towards civil aircraft cost 
becomes an increasingly important factor. Costs, how- 
ever, are closely linked with consumption levels, and any 
increase in demand will be accompanied by a correspond- 
ing reduction in prices. Rockets offer largely unexplored 


FIG. 7. Precipitation pattern in titanium alloy attributed 
to precipitation at dislocations ( x 750). 
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FIG. 8. Test pieces used to assess the properties of 
selected titanium alloys. 


territory to the metallurgist and may prove to be an 
application in which titanium can be of great value. New 
alloys will certainly be required as the emphasis is likely 
to be on high performance for a limited life, and as soon 
as the problems can be formulated with reasonable 
accuracy, the existing knowledge and fundamental under- 
standing of metals and alloys in general, and of titanium 
in particular, can be called upon to suggest where the 
desired material may be sought. 

At ground-level the future of titanium lies undoubtedly 
with the chemical industry, which has to deal with the 
formidable problem of metal corrosion. Titanium resists 
attack by all but a very few of the most reactive substances 
handled in industry. It is, however, completely imper- 
vious to that most ubiquitous of corroding media, sea- 
water. The quantities of metal absorbed by individual 
applications in the chemical industry may be small com- 
pared with aircraft applications, but initial cost is likely 
to be less important because the outlay for a titanium 
part would probably be small relative to the loss caused by 
the necessity of closing down a plant for the purpose of 
replacing a less durable material. Research in the corrosion 
field has brought to light some alloys which are even more 
corrosion-resistant than unalloyed titanium, and a simple 
method whereby titanium itself may be protected even 
against some of the more violently corrosive liquids by 
which it is usually attacked. Further work may produce 
materials suitable for steam turbines, where both weight- 
saving and corrosion-resistance would be of value. 

Looking towards the future, it seems likely that metals 
will be called upon to fulfil functions never before 
envisaged. In nuclear energy applications, for instance, 
titanium may find uses which depend on the fact that under 
neutron irradiation it forms no isotopes having undesirably 
long half-lives. It is probable, therefore, that we have not 
yet come to the end of the new types of titanium alloy for 
which demands may arise. With a basic knowledge of alloy 
behaviour to draw upon, hov ever, the chances of achieving 
the objectives set before us seem to be quite good. 
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“The time will come when the International Geophysical Year will be viewed as an important but primitive contribution to the 


International Geophysics to continue 

At the Fifth IGY Meeting in Moscow it 
was decided that a further year’s activities, 
similar in scale and organisation to those 
of the present IGY, will be inaugurated 
on January 1, 1959. Next year’s pro- 
gramme will be called “International 
Geophysical Co-operation, 1959”, and is 
the outcome of a resolution tabled and 
ardently urged by the Russian delegation. 

The proposal was put individually to 
Working Groups in each of the fourteen 
subject fields into which IGY work has 
been divided. The result was “substantial 
approval” of continuation, to quote the 
IGY President, Prof. Sydney Chapman, 
F.R.S., in his final report to the con- 
ference. The precise nuance and style of 
the extension resolutions varied con- 
siderably from one Working Group to 
another. Several groups (particularly that 
on the Ionosphere, V) opted for expand- 
ing activities and an indefinite continua- 
tion of co-operative studies. These were 
for the most part the studies in which 
nations have co-operated extensively 
prior to the IGY through the international 
scientific unions. It is likely that the 
organisation of this work will revert fairly 
swiftly to the unions concerned, and that 
the part played by the central IGY 
organisation and the follow-up body will 
decline in importance. 

Other disciplines desired to continue 
specifically under IGY aegis. For instance, 
there is no other body under which a 
comparable measure of exchange could 
be arranged for the controversial Rockets 
and Satellites (XI) work. We give below 
a summary of the different Working 


A picture of the thirty-storey Moscow 
[ years ago) viewed 
through an all-sky auroral camera, This autumn’s 
big IGY Assembly was held here under the leader- 
ship of Prof. Lebedinsky of Moscow University. 
Prof. Lebedinsky is im charge of Russia’s auroral 













exploration of the cosmos... .” 


—Prof. Sydney Chapman, F.R.S., summing up at the Moscow meeting. 


Groups’ resolutions on future organisa- 
tion and level of activity. A few dis- 
ciplines were rather firm in establishing 
that their extended activity would con- 
tinue only to the end of 1959. 

The agreement under which the CSAGI 
organisation came into being requires that 
it be terminated in June of next year in 
any. event. To supervise the extension of 
work now envisaged a small guiding com- 
mittee is to be set up which will likewise 
be responsible to ICSU. Many of the 
personalities represented on CSAGI are 
likely to be members of this body—it is 
inconceivable for instance that Prof. 
Chapman (IGY President) and Dr Marcel 
Nicolet (IGY General Secretary) will not 
be members; their names have become 
almost synonymous with international 
geophysics. The new guiding body will 
be known as CURAGI (or IGY Comple- 
tion Committee); the name is taken from 
the first letters of the French equivalent. 

It is hoped that the national IGY com- 
mittees will continue in being until the 
end of 1959 at least. The various CSAGI 
reporters are invited to continue their 
work and it seems all will do so save Dr 
Ohmazi, reporter on Solar Activity (VI) 
who has felt obliged to retire for personal 
reasons. 


Working Groups’ Views 

I, World Days. As this programme is 
looked upon as a service for the other 
disciplines it will be continued throughout 
the extension period. Some modifications 
are to be introduced further to improve 
the system’s effectiveness. The IGY 
organisation will look after this pro- 





gramme until such time as ICSU is ready 
to set up an alternative body. 

II. Meteorology. Certain _ special 
measurements are to continue during 1959 
at the same level as during the IGY. 
Otherwise meteorological activity will 
revert to the pre-IGY style. Under WMO 
(World Meteorological Organisation), of 
course, this has for many years been 
effectively international, co-operative and 
extensive. 

III. Geomagnetic. Work is to continue 
on the same lines during 1959. 

IV. Auroral. Measurements will con- 
tinue as at present until next sunspot 
minimum, that is for perhaps five years. 

V. lonosphere. The Year's programme 
and exchange of data has proved so valu- 
able that the present level of activity is to 
continue indefinitely but under URSI (the 
International Radio Union). The World 
Data Centres for the Ionosphere should 
become a single permanent institution, 
also under the surveillance of URSI. 

VI. Solar Activity. This work will con- 
tinue while the present unprecedented 
high level of activity on the Sun lasts. 

VII. Cosmic Rays. An_ international 
cosmic-ray programme will go on indefi- 
nitely even though the IGY arrangements 
are to end on December 31, 1958. This 
presumably envisages the continuation of 
the World Data Centres for Cosmic Rays 
or some equivalent; certain safeguards 
are to be introduced to protect the rights 
of the original workers in the material 
they deposit there. The Cosmic Ray 
Reporter, Dr J. A. Simpson, added this 
rider to his report: “it was unfortunate 
indeed that no agreement on the exchange 
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of orbital data had been achieved in the 
Rockets and Satellites Working Group.” 

VII. Latitudes and Longitudes. This 
programme will be extended to the end of 
1959. 

1X. Glaciology. Current activities will 
be continued until the end of 1959 in the 
Northern Hemisphere and throughout 
1959 and 1960 in the Southern Hemi- 
sphere. 

X. Oceanography. The present pro- 
gramme will continue next year under the 
aegis of SCOR. During the meeting Dr 
G. E. R. Deacon, vice-chairman of SCOR, 
announced that an Oceanographical 
Congress is to be held next September. 
As the meeting promises to be of out- 
standing importance the organisers have 
asked for and obtained “the most impor- 
tant place we could think of” to hold it, 
that is the United Nations building in 
New York. 

XI. Rockets and Satellites. This scien- 
tific programme is to be continued indefi- 
nitely but a permanent centre should be 
established to co-ordinate activity. No 
agreement was reached during the Moscow 
meeting on what satellite data should be 
sent to the World Data Centres. Dr 
Homer Newell (deputy reporter acting for 
Dr L. Berkner in his absence) gave the 
American point of view on this lack of 
agreement when he said that the formula- 
tion on data exchange that had been 
adopted was too general to guarantee the 
flow of adequate information to the 
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FIG. 2. A “sun pillar”, an optical 
phenomenon created by the sun shin- 
ing through fine ice crystals in a clear 
sky, at Littke America IGY Station. In 
front are the Kipp and Zonen pyr- 
heliometers used by Dr Herfried 
Hoinkes of Austria. The one facing 
upward measures incoming thermal 
radiation; the one facing downward 
measures reflected thermal radiation. 


Centres. Britain’s offer to become the 
third World Data Centre for this pro- 
gramme was accepted. The Radio 
Research Station, Slough, will actually 
house the material and additional staff 
has already been engaged to work there. 
It is hoped that agreement can soon be 
reached on data exchange in this highly 
significant work. 

XII. Seismology. This programme is 
to continue at the present level at least 
until the IUGG Assembly in 1960, when 
the situation will be reviewed. 

XIII. Gravimetry. The present pro- 
gramme will be pursued next yedr-under 
the Permanent International Commission 
on Earth Tides. 

XIV. Nuclear Radiation. This pro- 
gramme is to continue and _ other 
countries besides those already engaged 
in it were urged to join in the measure- 
ment of radioactivity in the atmosphere 
both during the remainder of the IGY 
and in the extension period. The present 
advisory committee will: supervise this 
work, and any additional measurements 
that may be included. 


Advances on a Broad Front 


1. Does the Earth’s atmosphere stretch 
nearly to the Moon? In our May issue 
(IGY Notes), we described Prof. Sydney 
Chapman’s developing views on _ the 
extent of the Sun’s atmosphere. He is 
now of the opinion that this extends right 
through the solar system and therefore 





that the Earth lies well within it. In the 
symposium on geomagnetism at the 
Moscow meeting Prof. Chapman indi- 
cated that his theoretical work has now 
led him to think that the Earth's atmo- 
sphere is also far more extensive than has 
previously been supposed. 

The Earth's outermost atmosphere, 
consisting of atomic hydrogen either 
neutral or ionised, encircles the earth and 
may well reach halfway to the Moon. It 
is interesting to note that findings by 
Soviet scientists from data on ionisation 
above the F layer of the ionosphere 
maximum derived from both satellite and 
rocket data seem to give some support for 
this theory (see IGY Notes, June 1958). 
This new view, as Prot. Sydney Chapman 
points out, suggests that the Chapman- 
Ferraro theory of geomagnetic storms 
may now require some modification, but 
perhaps not much. The Chapman-Ferraro 
theory assumed that interplanetary space, 
even to within a few radii of the Earth, 
was emply. 

2. J. J. Quenby and W. R. Webber's 
paper given at the cosmic-ray symposium 
by Dr H. Elliot of Imperial College, 
London, under whose guidance it had 
been prepared, succeeded in clarifying an 
area that has become rather confused and 
controversial in recent years, the relation- 
ship between cosmic-ray behaviour and 
the purely dipole characteristics of the 
Earth’s magnetic field. It discusses the 
several factors involved in determining 
the minimum energy which cosmic-ray 
particles must have to arrive vertically at 
the Earth’s surface, and deduces an ex- 
pression adequate for calculating this 
anywhere on the Earth with sufficient 
accuracy for most present purposes. These 
cosmic-ray “cut-off energies” are given in 
the paper for every 10° of geomagnetic 
latitude and 15° of geomagnetic longi- 
tude. The new approach and freshly 
calculated values fit experimental data 
rather well; for instance, the distribution 
of the additional isotropic radiation asso- 
ciated with the February 23, 1956 solar 
flare and the position of the cosmic-ray 
equator. 

This work is of interest in several fields 
besides cosmic rays; for instance, it 
attracted the special attention of auroral 
workers and those concerned with geo- 
magnetism at the Moscow meeting. 
Cosmic-ray cut-offs are governed by the 
Earth’s magnetic field in a rather subtle 
way and the field also exerts a dominant 
influence upon aurorae. Quenby and 
Webber’s work throws some light upon 
the manner in which the geomagnetic 
field operates on incoming charged par- 
ticles, including the solar corpuscles 
thought to be responsible for aurora. 

On the basis of the new calculations, 
the theoretical position and shape of 








northern and southern auroral zones are 
plotted. These deviate considerably from 
the standard (Vestine) plots and especially 
in the Southern Hemisphere where few 
actual observations have been available. 
(See Discovery, 1956, vol. 17, Nos. 5 and 
10, 1957, vol. 18, No. 4.) 

3. Radiation zone observed by 
Explorer IV. The State University of 
lowa (U.S.A.) team sent a telegram to 
the rockets and satellites symposium at 
Moscow, describing the detailed measure- 
ments made by the instruments in 
Explorer 1V. The instruments consist of 
two Geiger counters and two scintillators; 
one of the Geiger counters is shielded. 
The following is an extract from this 
telegram. 


“The radiation intensity increases by 
a factor of several thousand between 
300 and 1600 km. [perigee and apogee 
of the satellite which sweeps out a path 
between SI N. and S.]. The intensity 
goes up by a factor of about 2 per 
100 km. altitude. There is no evidence 
for levelling up to 1600 km. (highest 
point in the orbit). The lead shielding, 
1} gm./cem.? thick reduces the Geiger 
tube rate on the shielded counter by 
less than 40%. 

“The combination of observations at 
1600 km. by pulse scintillator, and by 
shielded and unshielded Geiger tubes 
implies an intensity of 1000 particles 
sq. cm./sec./sterad., the average range 
of which exceeds 2 gm./cm.*. If the 
particles are electrons their energies 
must exceed 6 million electron-volts; if 
protons, 40 MeV. 

“The total energy scintillator gives 
10 ergs/cm.*/sec./sterad. at 1600 km. 
Only a_ negligible fraction of this 
energy-flux can be due to the higher 
energy component described above. On 
the basis of this fact and our previous 
rocket- and balloon-flight data in the 
auroral zones, we consider it reasonable 
to suppose that most of the energy-fiux 
is due to electrons whose energy is 
typically 50 kW. The total flux of such 
low-energy electrons is of the order of 
magnitude 10°/cm.*/sec./sterad. 

“There was no evidence for marked 
temporal fluctuations. High intensities 
extend to lower altitudes at high lati- 
tudes. The exposure level at 1600 km. for 
human beings is about 2 roentgens/hr.” 
[This is a near lethal dose.] 


What this amounts to is that the radia- 
tion sampled by the first two Explorers is 
both much more severe and extends out 
into space considerably farther than was 
at first thought. It therefore presents a 
serious hazard to manned space vehicles, 
even those on “direct” journeys and not 
intended to orbit the Earth. 

Until the precise nature of the radiation 





FIG. 3. A fine Russian photograph of 

an auroral display. This is a good 

example of the form described as 
“draperies”. 


and origin of the radiation has been 
determined, the upper limits of the radia- 
tion shell round the Earth cannot be 
settled, either in terms of intensity or 
distance from the Earth. One thing is 
clear: the radiation is due to charged 
particles of some sort which are trapped 
in the Earth’s magnetic field from which 
there is no escape for them. In discussing 
a 50% radiation burst detected at a high 
latitude from the comparatively low- 
orbiting Sputnik II, Russian scientists 
suggested that neutrons bouncing back 
from cosmic-ray collisions with the atmo- 
sphere and then decaying into protons as 
they passed through the Earth's field, 
might be responsible. At the Amsterdam 
meeting of the International Astronautical 
Federation, Prof. S. F. Singer of Mary- 
land , described and discussed such a 
mechanism in considerable detail. 

He finds that the “proton injection 
mechanism” already outlined, would give 
a peak zone of intensity at about 6000 
miles from the Earth above the equator; 
the upper limit of the shell at about 
40,000 miles and a lower limit near 600 
miles up (this last figure does in fact check 
with the Explorer data). Typical injection 
rate is | particle per cu. cm. every million 
years, but the “lifetime” of these particles 
is so long that the concentration would 
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build up to 10-*/cm.* at 600 miles high, 
an exposure dose of 100 roentgens every 
three hours—which is the maximum per- 
missible amount thought safe for a man 
to receive in his whole life. 

Subsequent Explorers will certainly 
settle the cause of the radiation and pro- 
vide a check on these figures. Lunar 
probes will also contribute. 


Japanese Eclipse Plans 

During her Moscow visit your corre- 
spondent discovered that the Russians 
have decided not to send an expedition to 
observe the total eclipse of the Sun in the 
South Pacific on October 12. She also 
learnt that the radio astronomy depart- 
ment of Pulkovo Observatory outside 
Leningrad made some extremely interest- 
ing studies of sunspots at the time of the 
annular eclipse that took place in April 
this year. 

Your correspondent obtained an 
account of the Japanese plans for the total 
eclipse this month which will be observed 
by a team of at least twenty research 
workers from no less than five separate 
institutions in Japan, working from 
Suwarrow Island. The largest team, of 
seven astronomers, will come from Tokyo 
Observatory. 

The measurements to be made are as 
follows: 

(1) Spectrophotometry of the chromo- 
sphere and corona: (2) measurement of 
the polarisation of the corona using a 
quadruple camera: (3) photoelectric ob- 
servations of zodiacal light and light from 
the night sky; all these to be carried out 
by workers from Tokyo Observatory. 
(4) The Department of Astronomy of the 
University of Kyoto is sending three 
observers to make spectrographic measure- 
ments of the flash spectrum; this work 
is to be taken in conjunction with the 
Tokyo Observatory’s spectrophotometric 
measurements (1). The observations pro- 
jected by astronomers from the University 
of Tohoku is paired with the third Tokyo 
experiment (No. 3 on zodiacal light). This 
is (5) to use monochromatic photometry 
to gain a separation of the F, or inter- 
planetary dust, component from the K or 
true coronal component of the corona. 
The Hydrographic Bureau is to mount 
two experiments: (6) the determination of 
times of contact by visual, photoelectric 
and photographic means for the calibra- 
tion of the other experiments; and (7) 
measurement of the variation of dip of 
the sea-horizon during the eclipse. No. 7 
is an experiment not previously attempted 
at a solar eclipse and is of meteorolcgical 
interest. Tohoku University’s Geo- 
physical Department is to measure (8) 
the variation of the Earth’s magnetic field 
during the eclipse; four components will 
be measured. 
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Medicine and the Navy 

By J. J. Keevil (Edinburgh and London, 
E. and S. Livingstone Ltd, 1958, Vol. 1: 
1200-1649, viiit+255 pp.; Vol. 2: 1649- 
1714, ix+332 pp., 40s. net each volume) 
At long last a reliable and comprehensive 
history of Medicine and the Navy has 
been published. The late author, a retired 
Surgeon-Commander in the Royal Navy 
who gained the D.S.O. in the Second 
World War while serving in the aircraft 
carrier H.M.S. Illustrious in June 1941, 
was an ideal person to write such a 
history. 

Volume | of this intensely interesting 
work is concerned with the period extend- 
ing over the years 1200 to 1649. This 
covers the Medieval Period, the Tudor 
Period, and the Early Stuart Period. The 
reader is introduced to the early hospitals 
such as, Maison-Dieu at Dover, and St 
Mary’s Hospital at Chichester. The war- 
ships of Henry VIII are described and the 
duties of the surgeons and their mates are 
set out in a vivid manner; one wonders 
how these medical men managed to do 
any surgery at all in such a confined space 
which was all that was allotted to them 
in the early naval vessels. The barber- 
surgeons played an important role in the 
examination of the surgeons and the 
surgeons’ mates during this period, and 
there is an excellent drawing of the 
Anatomy Theatre at Barber-Surgeon’s 
Hall. The decline of the Navy during the 
Early Stuart Period makes interesting 
reading for there has been through cen- 
turies, and there is even today a tendency 
to cut down the Royal Navy to a bare 
minimum. 

The illustrations depicted in this volume 
have been well chosen and they do en- 
hance the value of the book. A very 
complete and accurate bibliography is 
appended at the end of each section of 
this volume. 

Volume 2 covers an important period 
in the history of the Royal Navy for the 
years are from 1649 to 1714. The medical 
service of the Navy developed gradually 
under the Commonwealth, Protectorate, 
and the later Stuarts. It was under 
William III and Anne that the need for 
hospital ships received full recognition 
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and the surgeons became a component 
part of the Navy. Also during this later 
period the Apothecaries’ Hall became 
the headquarters of the Navy Stock Com- 
pany, housing its offices and chemical 
laboratories. Thus in the medical history 
of the Navy the two city companies which 
were related to medicine came into 
prominent contact with the Senior Service. 
As in Volume |, the illustrations in this 
second book have been carefully selected 
and give an excellent illustration of these 
historical times. 

The volumes are dedicated to that 
doyen of medical historians, Prof. Charles 
Singer. 

Sir Henry Dale, as Chairman of the 
Wellcome Trustees, writes an introduction 
to this work as the trustees facilitated its 
publication by means of a grant. The 
medical profession as a whole will always 
be thankful to Sir Henry and his co- 
trustees for their foresight in helping the 
production of an excellent account of the 
history of medicine in the Navy. 

Commander Keevil’s history will remain 
the classic production of this important 
subject for many years to come. 

C. WAKELEY 


Your Guide to Underwater Adventure 


By Peter Small (London, Lutterworth 
Press, xi+118 pp., 9s. 6d.) 
Underwater swimming is a modern sport 
that has caught on and has mushroomed 
at a surprising rate. It is by no means 
easy to define the cause of its popularity 
—some say that it is the fascination of 
exploring the unknown realm that exists 
in the shallowest bay or even in a flooded 
gravel pit. For those who are lucky enough 
to live by the sea, there is a world waiting to 
be discovered just outside the front door. 
There is also a certain glamour attached 
to the idea of being a “diver”. He is 
superior to those ordinary mortals who 
have not yet pitted their strength against 
the effects of water pressure, the cold and 
the tides, and the possibility of meeting 
something moving silently and mvysteri- 
ously in the shadows of the deep. 
Whatever the reasons, the fact remains 
that a surprisingly large number of people 
have embraced this sport with enthusiasm, 
but the pity of it is that so many have 
done so in ignorance of the risks they run. 
The market has been flooded with books 
describing tussles with giant fish skewered 
on the end of slender spears, the dubious 
delights of intoxication due to breathing 
air under pressure, and the enchanting 
world of colour to be found beneath 
tropical seas. The ordinary Englishman, 
however, has searched the bookshelves in 


vain for some elementary help in tackling 
our own rather cold and unfriendly 
waters. 

Now, at last, Peter Small, one of the 
founders of the British Sub-Aqua Club 
and its first Secretary, has produced a 
much needed “Guide to Underwater 
Adventure”, which tells the beginner how 
to get started in this new world, how to 
train, and how finally to become an 
accomplished underwater swimmer with- 
out becoming a doubtful insurance risk. 

The author has little to say about deal- 
ing with sharks underwater, but his advice 
on the purchase of equipment should keep 
the novice clear of the land-borne sharks 
who would gladly sell worthless and 
dangerous apparatus to the uninitiated. 

Peter Small takes the reader easily and 
smoothly through the whole range of 
underwater swimming, from the elemen- 
tary business of holding one’s breath and 
trying to reach a sea-bed which seems to 
be deceptively close underneath, to the 
final art of using a breathing set safely in 
deep water. His advice on where to dive, 
on the locality of clubs and recharging 
and servicing stations at home and abroad 
should help the English reader to feel at 
home all over Europe. 

Throughout, the author gives promi- 
nence to the British Sub-Aqua Club, the 
largest single underwater organisation in 
the world, and rightly so, for had he and 
his colleague: not foreseen the potentiali- 
ties of the sport and its dangers and not 
founded the club on the principle of 
safety first and foremost, the coroners of 
our seaside towns might well have been 
greatly overworked in the last four years. 

If there is a fault in this book, apart 
from the fact that it should have been 
produced at least two years ago, it lies in 
the author's determination not to be 
“technical”. There are parts where his 
efforts to explain simply the theories in- 
volved have led him into a complication 
of over-simplification which is liable to 
leave the reader more confused than he 
would have been with a colder scientific 
explanation. W. O. SHELFORD 


Survey Methods in Social Investigation 
By C. A. Moser (London, William Heine- 
mann Ltd, 1958, xiii +352 pp., 35s.) 

This is the first textbook published in any 
country covering the whole field of social 
survey technique. As such it is a remark- 
ably competent job; thorough, accurate, 
balanced, and very clearly written. 

The book will be of great value to all 
concerned with the design of sample sur- 
veys, whether commercial or academic. 
It should also become standard reading 
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for students in the social sciences. Where 
the author seems a little too optimistic is 
in suggesting that it only needs supple- 
menting by some advice on practical 
details to constitute a complete short 
course on survey technique, adequate 
to turn an intelligent student into an 
accomplished social surveyor. 

This is not so, perhaps for the same 
reason which has inhibited the writing of 
such a textbook before. Baldly stated it 
is simply that the greater part of the 
subject is not yet a science: few general 
principles are known, and _ personal 
experience can still count for more than 
academic knowledge. Among other 
things this means that there is one impor- 
tant section altogether missing from this 
book: a section describing what is, after 
all, the basic material of study of the 
typical sample survey, the “general pub- 
lic’—how it thinks, talks, and lives, and 
what it is going to suppose the inter- 
viewer means when she asks her ques- 
tions. It is not a section that could ever 
have been included in a serious textbook, 
yet without it the treatment is obviously 
incomplete. Further, very few academi- 
cally trained people are likely to have 
much knowledge on this subject; but with- 
out such knowledge they can hardly 
expect to design an efficient survey 
inquiry. 

It is well known that the one side of 
survey technique which has a rigorous 
scientific basis is that of sample design. 
One-third of the book is devoted to this 
subject and it is doubtful if a treatment 
simultaneously so clear and so thorough 
has been published before. Yet even in 
this field it must be recognised that prac- 
tice is always less rigorous than theory. 
After four chapters on theory the author 
illustrates with a chapter describing an 
actual sample used for a particular survey. 
The sample chosen for illustration was 
more carefully designed than most; never- 
theless the difference between theory and 
practice is so great that it would be 
possible to understand every word of the 
theory and yet to find the example almost 
incomprehensible. 

All this is not the author’s fault, it is 
inherent in the under-developed state of 
the subject. He has perhaps painted too 
rosy a picture, but it is an accepted con- 
vention that textbooks should be rose- 
coloured. 

One or two minor defects should be 
mentioned. The discussion of mail ques- 
tionnaires is seriously out of date: the 
Government Social Survey has recently 
demonstrated that circumstances exist in 
which 90% of the general adult popula- 
tion will respond to a mail inquiry. 
Secondly, while diaries are mentioned 
under “personal documents”, there is no 
discussion of record-keeping by respon- 
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dents as an aid to memory. Thirdly, there 
is one paragraph, generally favourable, 
on motivation research. This will seem 
wrong to all factions; there should either 
be one unfavourable paragraph or several 
favourable ones. Finally, the footnote on 
page 77 is wrong; systematic sampling 
from an ordered (and non-periodic) list 
is not nearly so bad as suggested. 

These are not important criticisms, and 
it remains true that the framework and 
the basic material of the book are excel- 
lent. Provided it is kept up to date with 
frequent revisions it should remain a 
standard text for many years. 

C. S. O'D. SCOTT 


The Exploration of Time 


By R. N. C. Bowen (London, George 
Newnes Limited, 1958, viiit+ 144 pp., 21s.) 
Although a “Newnes Technical Survey”, 
the book is not technical; within a limited 
space it covers too wide a range of sub- 
jects for that purpose. It is essentially a 
popular review of the methods of 
measuring cosmic and prehistoric time, 
as well as of the major processes and 
succession of events in the cosmic past. 
The abundant terminology, often in- 
sufficiently explained, makes reading 
somewhat difficult. Also, too much space 
is devoted to less essential or doubtful 
methods, and a certain lack of system in 
presentation is likely to distract the 
reader, The information is mostly 
correct, not always up to date. Numerous 
well-devised illustrations are of great 
help. The subject is fascinating, and the 
reader will get a fair picture of what is 
going on in the exploration of the past. 
There are practically no misprints. 
However, the Weichsel glacial stage is 
systematically mis-spelt as “Weischel”. 
Chapter 1, “The Earth as a Planet”, 
is a summary of our geophysical, 
geological, palaeontological, palaeoclima- 
tological, and palaeogeographical know- 
ledge. The excellent illustrations give a 
clear, up-to-date picture of the surface 
history of our planet. The text is more 
objectionable. Thus, the description of the 
crust and mantle is incorrect (pp. 1 and 
18); the upper 35 km. are chiefly basaltic 
(not granitic), whereas the 2900 km. of 
the mantle are peridotitic (not basaltic). 
Hoyle’s supernova theory of the origin of 
the solar system, the only one mentioned, is 
the least plausible of all. The same refers 
to the theory of continental drift (p. 29). 
Chapter 2, the “Science of Dating”, is 
also a review of ancient knowledge. 
Justice is not done to Hindu chronology, 
which is stated to go back 13 million 
years only. In fact, we are now (1958) in 
the year 1,972,949,057 reckoned from the 
creation of the earth, according to the 
calendar of the Vishnu Purana. 
Chapter 3, “The Nature of Time”, is a 











failure. Milne’s cosmology, unsupported 
by experiment, is taken as a basis, and 
unwarranted palaeobiological conclu- 
sions are made. Einstein’s name is not 
even mentioned, and the experimentally 
proven facts of relativity are not con- 
sidered. 

Chapter 4 contains in 23 pages a fair 
account of the “Physical and Chemical 
Methods” of palaeochronology. On 
p. 53 it is wrongly stated that isotopes 
must belong to the “same disintegration 
series”. The important isotope lead 204 
is not mentioned in the chapter where it 
belongs. The helium method is intro- 
duced as one to supplement the lead 
methods, whereas historically it was the 
first to be used in its own right. On 
p. 59, the relative intensity of radiohalos 
of different age is inverted. On p. 61, 
“K capture” is not explained, 

In Chapter 5, “Astrophysical and 
Astronomical Methods”, the statement on 
p. 66 that “there is now a general accep- 
tance of this astronomical theory” is in- 
correct. 

Chapter 6, “Botanical Methods”, con- 
tains a fair account of tree-ring chrono- 
logy. 

Chapter 7, “Zoological Methods”, is a 
brief essay in organic evolution; this is 
here quite unnecessarily limited to the 


animal kingdom. In fact, even more suc- 
cessful studies in this respect have been 
made on botanical data (diatoms, etc.). 

Chapter 8 gives, in 21 pages, an account 
of “Geological Methods” of relative 
chronology, with a preference for the 
Quaternary. The illustrations are illu- 
minating. The Quaternary time-scale 
(p. 90) is overestimated, as compared 
with modern data. On p. 94, the para- 
graphs “Rate of weathering” and “Gum- 
batil” should have been omitted. On pp. 
97, 98, the use of the Tertiary as proving 
the displacement of the poles is unfor- 
tunate; it is well known that since the 
beginning of the Tertiary the equator and 
poles occupied essentially the same posi- 
tion as now. 

There is no mention of modern studies 
of remanent magnetism in rocks. 

Chapter 9, “Geographical Methods” 
is actually an extension of the preceding 
chapter, and deals with the distribution of 
granites over the earth’s surface. 

Chapters: 10,“Archaeological Methods”, 
11, “Anthropological Methods”, and 12, 
“Human Remains and Industries”, cover 
practically the same subject, with repeti- 
tions. The fascinating subject of the 
Australopithecinae is given only seven 
lines on p. 119. 

Chapter 13, “Meteorological Methods”, 
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deals only with the pluvial periods of the 
Quaternary. 

Chapter 14, “A _ Palaeontological 
Problem”, deals with certain experiments 
on artificially produced morphological 
changes in rats. It seems that undue 
emphasis is laid on these rather prob- 
lematic experiments and their bearing on 
the rate of organic evolution. 

Chapter 15, “Revolution in Thought”, 
summarises the results on chronology and 
dating. E. J. OPIK 


Great Moments in Archaeology 
By Ivor Noel Hume (London, Phoenix 
House Ltd., 1958, 127 pp., 7s. 6d.) 


With archaeology having come into its 
own, it seems a pity that the great 
moments of archaeology should still be 
described largely as occasions when tombs 
were excavated and fabulous treasures 
were found. The discovery of Peking 
Man, for instance, was of far greater 
significance than the tomb of Tutenk- 
hamen. Although this book is meant for 
“young people”, a little more could have 
been said in each case about the historical 
importance of the discovery, and its rela- 
tion to other finds of its own period. 
Photographs instead of line drawings 
would have enlivened the stories. 

R. THAPAR 
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Television During July and August 

It ‘was a pleasant: surprise to find that 
despite the holiday season, the BBC have 
given us two very exciting science tele- 
vision broadcasts, both deserving praise. 

In one of them, “New Moons”, from a 
series called “Frontiers of Science”, the 
subject was artificial earth satellites. The 
broadcast, produced by James McCloy, 
was opened by Prof. Massey of Univer- 
sity College, London, who gave us a 
brief and compact survey of the imme- 
diate scientific objectives and possible 
results to be obtained from satellites. He 
neatly placed the subject in its correct 
perspective, with the help of some 
admirable animated diagrams, and 
focused special attention upon cosmic-ray 
aspects. He was followed by Mr Stevens 
of Farnborough, who _ illustrated the 
elaborate telemetering and pen recording 
systems uséd to record the information 
transmitted by a satellite. A good and 
clear experimental demonstration was 
given of how radiation and micro- 
meteorites are detected. 

The two lecturers were followed by a 
discussion of the major problem, the 
launching of the satellite, which was based 
mainly on film. It must be admitted that 
these rocket-launching films are becom- 
ing just a little too frequent, and the 
dramatic backward counting from 10 to 
zero is becoming a bit of a bore by now. 
The films were followed by Mr Beresford 
of Farnborough, who _ illustrated the 
formidable apparatus required to track 
the satellites. 

Then we had a notable innovation, for 
over we went in a live broadcast, direct 
to the Brussels Exhibition. With perfect 
timing and, as far as I can recall, for the 
very first time, a Soviet TV broadcast was 
fed into a British circuit. We were 
treated to a delightful discourse from 
a Soviet Science Correspondent, Mr Boris 
Belitski, who demonstrated full-size exact 
replicas of the Russian Sputniks. The dog 
cabin, with its complex instrumentation, 
was shown in detail and the descriptions 
of the various features were delightfully 
clear. The transmission itself was tech- 
nically good, although there was slight 
fading and a noticeable flashing at each 
camera switch. 

This was veritably a triumphant broad- 
cast from beginning to end, packed full 
with interest and with information. It 


was a fine achievement on the part of Mr 
McCloy, who deserves our thanks as well 
as our congratulations. 

The second programme, entitled “The 
Heart of the Atom”, was of profound 
interest in quite a different way. It was 
produced by Aubrey Singer, and was also 
sent out from Brussels, from the Hall of 
Science. The programme was a 15- 
minute interview with the distinguished 
Japanese theoretical physicist, Prof. 
Yukawa, who has played so important a 
part in meson theory. A difficult inter- 
view was ably conducted by Gordon 
Taylor and, despite some considerable 
obscurity for the layman in the earlier 
part of the interview, the broadcast proved 
notable in many respects. The opening 
camera shots revealed some of the fan- 
tastic moving atom models at Brussels. 
The beginning of the interview with Prof. 
Yukawa, after a few generalities, rapidly 
became too bewilderingly technical for 
the layman. This may have been delight- 
ful to the professional physicist, but the 
TV audience does not consist of profes- 
sional physicists. We were very rapidly 
taken round from a British cloud- 
chamber, to a Russian bank of counters 
recording visually and then on to a 
German set of counters recording audibly. 

So far Prof. Yukawa (who emerged as 
quite an impressive TV personality) was 
almost as much a spectator as we were, 
but then Gordon Taylor settled down to 
the interview proper. This proved a rare 
treat, for we were given the unusual scene 
of a profound thinker giving unscripted 
comment which was at the same time 
pungent and meaningful despite its 
spontaneity and rapidity. For example, 
when asked to comment on the abilities 
of the newer young generation of physi- 
cists his ready remark was, “They are 
very good, in team work, but one still 
needs the individuals with the new ideas.” 
When asked whether Western and Oriental 
scientists differed in outlook, Prof. 
Yukawa made some illuminating com- 
ments. He pointed out that scientists of 
the West all have a very strong tendency 
to believe in the fundamental existence in 
Nature of order and of symmetry and are 
repelled by the idea of a natural chaos. 
But in the East, he said, while indeed 
Confucius had laid strong emphasis on 
order in Society, an opposite school, 
following Lao Tse, believed that in Nature 


the existence of chaos was far more 
fundamental than the existence of order. 
So then, Oriental physicists were not 
necessarily dismayed by the concept of 
chaos as a replacement for ideas of 
symmetry and order. This may become 
a fertile field for theoreticians in the 
future. 

Again, Prof. Yukawa drew attention to 
the dangers inherent in the concept of 
probability which is too often accepted 
uncritically. “The concept of probability,” 
he said, “is in a sense a dangerous thing. 
It is dangerous because we cannot really 
ever extend to infinity in discussing this.” 

One had the impression of eavesdrop- 
ping on a brilliant man quietly thinking 
aloud. The content of these few invalu- 
able moments more than compensated for 
the bewilderment of the earlier part of 
the interview. From the viewpoint of the 
producer, an unscripted interview with a 
theoretical physicist on the subject of the 
nucleus must inevitably have been a 
perilous gamble. We are delighted that 
despite the heavy odds against, the broad- 
cast was highly successful, all told. 

This same day, August 22, saw another 
good science broadcast from BBC: “See- 
ing Stars’, a series on the Children’s 
Hour. In a 20-minute broadcast entitled 
“Target: The Moon”, Patrick Moore 
reviewed the recent attempt to reach the 
Moon with a rocket (not yet achieved on 
going to print). As a preliminary came a 
quick review of the phases of the Moon 
with a reference to the hidden face. The 
phases were demonstrated with some 
well-illuminated models. Then came our 
old friends, the rocket-launching films 
from the U.S.A. (isn’t it time these were 
forgotten? I am sure that the children 
have seen them repeatedly in a variety of 
programmes of all kinds). 

Mr Moore then devoted some time to 
a clear exposition of the problems con- 
nected with aiming a rocket at the Moon, 
after which his main theme was ex- 
pounded, namely, what was one to expect 
on the Moon? Emphasising that there 
will be no air, no life, no sound, he 
showed some fine pictures of the lunar 
scenery, and at this point brought in Dr 
H. P. Williams, who has drawn a 25-ft. 
map of the Moon’s surface detail. In the 
studio, as a background cloth, was a huge 
100-in. map of the Moon, with no less 
than 90,000 separate identifiable objects 
drawn On it. The broadcast ended with 
an admirable model illustrating vividly 
the shadow effects at sunrise on a large 
lunar crater. 

This broadcast, which was produced by 
G. Wiltshire, was lively, vivacious, and 
informative. It was an excellent 20 
minutes which I hope was recorded, for it 
is certainly well worth a re-broadcast for 
an adult audience. S. TOLANSKY 
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FAR AND NEAR 


Science in Parliament: June and July 


Parliament's reassembly after the Whit- 
sun recess saw news, albeit inconclusive, 
of Britain's participation in an earth 
satellite programme. The Minister of 
Supply confirmed (oral question, June 
16) that at present no financial support 
was being given, but that the matter 
would be kept under constant review, the 
anticipated scientific value to be weighed 
against the cost. It was not surprising, 
therefore, to learn in a written reply on 
the following day that H.M.G. were 
taking no direct part in the U.S. lunar 
rocket project. 

There were equally inconclusive ex- 
changes on a number of occasions on the 
restoration of Government financial 
backing for the revolutionary Swallow 
aircraft; however, the door does not 
seem to be completely closed to such 
assistance. 

A more hopeful item (written reply, 
June 10)—the Government might pro- 
vide increased funds for scientific re- 
search for civil purposes after considering 
the awaited proposals of the newly 
established Council for Scientific and 
Industrial Research. 

A question (June 16) elicited good 
news of research in coal gasification, 
particularly that the first commercial 
scale high-pressure coal gasifier was 
about to be built. 

Questions were asked (June 16) on a 
number of topics relating to agricultural 
research. The Minister reported that the 
investigations of the Farm Building 
Research Committee, set up by the Agri- 
cultural Research Council, would take 
some time, as a special unit to survey 
farm buildings and farmers’ requirements 
had been established, and reports had 
been called for from experts in animal 
physiology, pest infestation, and agri- 
cultural machinery. Similarly, it was too 
early to assess the effect of research into 
losses among lambs through nematodirus 
disease. He also conceded that there was 
a shortage for all but essential work of 
soil-chemists and analysts on the staff 
of the National Agricultural Advisory 
Service. 

Turning to scientific education, in a 
written reply (June 18) the Minister of 
Education listed 8 colleges of advanced 
technology and 22 regional technical 
colleges in England and Wales which 
had been approved to date. There was 
some good news of aid in the provision 
of science laboratories for state and 
independent schools, involving 78 pro- 
jects costing about £2 million currently 


in progress for state secondary schools 
in England and Wales (oral question, 
June 12); assistance from British in- 
dustry’s Industrial Fund for the Advance- 
ment of Science to 16 independent 
schools and I! grant-aided schools in 
Scotland, also help from the same body 
for 109 grant-aided grammar schools in 
England and Wales (written answer, June 
19). But there was also some pessimism 
on two counts: a written reply (June 10) 
that the University grant for 1958-9 
might be inadequate for proposed in- 
creases in scientific and technical teach- 
ing staff, and, reflecting the general 
shortage of first-class mathematics 
teachers, an oral question (June 19) about 
the mathematical abilities of certain 
students at a teachers’ training college. 

A written request (June 17) to the 
Prime Minister to appoint a Minister of 
Culture, Science, and Art was, perhaps 
not surprisingly, declined, on the grounds 
that this appointment would not “neces- 
sarily serve the cause the hon. and 
learned Gentleman had at heart”. 

The Foreign Secretary (oral answer: 
June 25) gave welcome news of the pres- 
tige enjoyed by British industry and 
science. By June 22 the total number of 
visitors to the United Kingdom Govern- 
ment Pavilion at the Brussels Exhibition 
was 1,228,561. 

Fruitful relations between research and 
industry featured in a discussion of a 
motion (June 24) to approve a draft order 
for the Furniture Industry Development 
Council. Ministerial satisfaction was 
expressed (oral question: June 24) in 
regard to the work for the cotton industry 
of the “Shirley Institute”. The Govern- 
ment were willing to increase their grant 
by £50 for every £100 contributed by the 
industry. There was news (oral answer: 
June 24) of a study by DSIR’s Hydraulics 
Research Station on problems affecting 
three fishing-harbours, of research (oral 
question: July 1) by the Building Research 
station on the potential saving of fuel 
and water through the use of spray taps 
and, less conclusive, by the Joint Fire 
Research Organisation on the merits of 
high-pressure water-sprays. There were 
welcome developments (oral answer: 
July 1) from the Production Engineering 
Research Association in projecting its 
results to industry; during the year, this 
autonomous body dealt with 3000 tech- 
nical inquiries, paid 150 visits to members 
through its mobile unit, and trained about 
1650 persons in its laboratories. 

Turning to electric-power transmission, 
no research (oral answer: July 1) was 


being undertaken into the possibility of 
distributing electric power without the 
aid of power-lines, though apparently 
research had disclosed that existing cables 
could carry heavier loads. There had also 
been progress (oral answer: July 1) under 
the aegis of the Mechanical Engineering 
Research Laboratory in work on the 
possibility of reducing the size of con- 
densers at power-stations. 

The situation in certain categories of 
scientific manpower continued to give 
concern. A further survey of scientists 
and engineers would be undertaken by the 
Government at the end of the year 
(written answer: July 1), while the 
statistics regarding the deployment of 
newly graduated scientists (oral answer: 
July 1) would be improved. The problem 
raised by the non-deferment from 
National Service, particularly for mathe- 
matics teachers with third-class honours 
degrees, culminated in an adjournment 
debate (July 17), the Government spokes- 
man explaining that certain groups were 
also in great demand in the Services, but 
that the matter would be further con- 
sidered in the autumn by the Minister’s 
Technical Personnel Committee. 

Various miscellaneous items: since 
1951 (oral answer: July 1) more than 800 
students from industry have attended the 
Isotopes School at Harwell. The Govern- 
ment (oral answer: July 3) were not con- 
vinced that the use of chemicals in 
agriculture was causing important reduc- 
tions in bird and mammal populations. 
In contrast to the £2} million paid by the 
Industrial Fund to independent and direct- 
grant schools, an oral question (July 24) 
elicited that capital grants of £1,100,000 
in 1957-8 and £2 million in 1958-9 had 
been made to local authorities for the pro- 
vision of science laboratories in grammar 
and secondary-modern schools. 

To conclude, a traditional item of 
ministerial “conservatism” may be re- 
called: an attempt to get the Government 
to take the lead in demonstrating the 
advantages of the metric system. This 
collapsed when the Financial Secretary 
bluntly refused (oral answer: June 26) to 
estimate the saving involved if it were 
used for all the work of Government 
departments. 


British-Pakistani Himalayan Expedition 

From R.A.F. Station Lyneham, early this 
summer, members of the British-Pakistani 
Forces Himalayan Expedition took off on 
the first leg of their long journey to the 
Himalayas, where they will attempt to 
scale one of the highest unclimbed peaks 
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in the world. Their departure brought to 
an end more than a year’s intensive plan- 
ning and organising, during which 2 tons 
of special food and equipment have been 
procured and a thousand letters written. 

Their objective is Disteghil Sar, a 25,868- 
ft. peak in the Karakoram Range of the 
Himalayas in Pakistan, one of the highest 
mountains in the world. In 1957 this 
mountain was attempted by an expedition 
under the leadership of Mr Alfred 
Gregory, a member of the successful 1953 
Everest expedition. He attained a height 
of about 21,500 ft. and reported that 
the ascent might be possible, but very 
difficult. In addition to the climb, the 
expedition will carry out a programme of 
scientific research, including a survey and 
physiological and psychological tests; a 
colour film will also be made. Oxygen 
apparatus will not be taken but specially 
designed boots and clothing will be worn. 
Six Hunza high-altitude porters will be 
recruited locally. 

In the past, Pakistani Army officers 
have been attached to expeditions as 
liaison officers. On this occasion, for the 
first time, two Pakistani officers are join- 
ing the expedition as full and equal 
members. Both these officers are experi- 
enced mountaineers. This co-operation 
between Service officers of the two 
countries is an important aspect of the 
expedition. 


Metric System for India 


The Indian Government recently an- 
nounced steps for the gradual change- 
over to the metric system of weights and 
measures. The first area to be affected is 
the jute industry where the metric system 
of weights was introduced in July. The 
gradual extension of the system to other 
areas of trade and industry and, for cer- 
tain limited purposes, in Government 
departments began in October. The use 
of existing weights will, however, be 


allowed in these areas for a period of two 
years. 

Introduction of the new linear and 
capacity measures will be a second stage 
in the change-over. Indian Government 
circles believe that from 1960 it should 
be possible to extend the system to the 
whole country. 


Atlantic Did Exist! 

Atlantis, the legendary land overwhelmed 
by the sea, which was described by Plato 
in the Timaeus and the Critias, did 
actually exist, says Prof. N. Lednev, a 
Moscow physicist and mathematician, 

He has reached this conclusion as a 
result of research carried out over a 
period of twenty years. 

After making a very careful analysis of 
the most ancient sources and comparing 
the information they contain with the 
most recent scientific discoveries, Prof. 
Lednev suggests that Atlantis was a vast 
island lying to the west of the Straits of 
Gibraltar and stretching for hundreds of 
miles. 

This mysterious land, which according 
to ancient writers was exceedingly power- 
ful, also included a group of small islands 
stretching across the Atlantic Ocean up 
to the American continent. 

Prof. Lednev considers that decisive 
proof of the existence of Atlantis is pro- 
vided by the fact that the relief of the 
ocean bed to the west of the Iberian 
peninsula coincides in a remarkable way 
with the geographical description of 
Atlantis given by Plato in the 4th century 
B.c. on the basis of earlier sources. 

Prof. Lednev has reached definite con- 
clusions regarding the site of the capital 
of Atlantis, which was in the western 
part of the island. He places the date 
when the archipelago of Atlantis, with its 
60 million inhabitants, sank beneath the 
sea, somewhere around the year 1500 B.c., 
in a period of considerable geological and 
climatic changes. 
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Look at Loudon in Colowr 


The latest Cotman House publication 
containing wonderful colour illustrations 
of the famous places and scenes of 


Price 38. 6d. (postage gd.) 


From booksellers or direct: 
Jarrold & Sons Ltd, St. James, Norwich, England 
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: \heag LOW-VOLTAGE 
POWER UNIT 


This low-voltage power unit has been de- 


. signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
: cient source of low voltage A.C./D.C. power 
: for experimental purposes in science labora- 


tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 
the unit ‘dead’ and quite safe to handle. 


The unit has been pro- A full technical specification 
duced to the require- will be sent on request 
ments of the London 
County Council Educa- 
tion Committee and is 
already in use in a large 
number of schools 
throughout the country 
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advisory service 


IS SIMPLICITY 
ITSELF 


The OTIS KING Pocket Calculator makes a complex calculation seem simplicity 


to assist vou in itself. It introduces entirely new features in slide-rule design. By the use of 
D, 


spiral scales mounted on two concentric metal tubes, the graduations of a 66-inch 
slide-rule are achieved within the compass of an instrument only 6 inches long 
Model K quickly solves multiplication, division, percentage calculations with four 
e to five-figure accuracy. Model L gives logarithms as well. U.K. price 57s. 6d 

Non-warping metal construction, with plastic-coated scales. Complete instructions 
makin are included with each instrument, explaining the simple three-movement operation 

At all leading scientific instrument dealers or on approval by using the form below 

Fully descriptive leaflet sent free on request to Carbic Ltd. (Dept. D), 54 Dun- 
donald Road, London, S.W.19 


the most of ™ OTIS KING 


Pocket Calculator 


Send this form today 


is freely available 
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« Model Otis King Calculator on your **\ 8 
1 guarantee that if I return it within 7 days, ‘8 
1 you will refund the money in full 1 
’ 
t ' 
‘ Name ' 
: (BLOCK LETTERS, PLEASE) j i 
LEAD DEVELOPMENT ASSOCIATION ~/ : 
' Address ; ( yj | ’ 
18 ADAM STREET, LONDON, W.C.2 1 | ' 
” , 
TELEPHONE: WHITEHALL 41765 - << : 
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It’s not surprising that damp patches should 
now and then appear in old buildings. But when it gets to the stage that 
water is actually running down the inside wall — well, something 
. a has to be done. The congregation of a little church 
Ring in S WwW et in the West Country were faced with just this 
problem. They consulted an architect. 
“* Silicones,” he thought. So, on the outer wall, he brushed a 
water-repellent solution based on a silicone resin. And since then the wall’s 
been perfectly dry. I.C.I. manufactures silicones for a whole host of 
purposes : water-repellents for masonry, textiles and leather; 
high-temperature electrical insulation; paint and polish ingredients; mould 
release agents; foam suppressors — and many other applications. 
Research is constantly going on; new uses are being developed. In almost 


every industry, I.C.I.’s silicones answer a need, solve a problem. 


Thus, and in a thousand kindred ways, I.C.I.’s research 


and production are serving the Nation. 








